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Editorials 


Hypervitaminosis A: 


fhe AMERICAN medical literature concerned 
with the clinical aspects of vitamin A ap- 
pears to have completed a full turn from con- 
cern with vitamin A deficiency in humans solely 
to papers predominantly related to hyper- 
vitaminosis A. In fact, if one excludes vitamin 
A deficiency produced secondarily by some 
disease process of the pancreas, intestine, etc., 
more instances of hypervitaminosis A seem to 
have been reported in the past 12 years than 
severe forms of vitamin A deficiency. 

General improvement in the American diet, a 
better understanding of nutrition generally, and 
widely increased use of potent and readily 
available. vitamin preparations, have made 
severe primary vitamin A deficiency an unusual 
disorder in this country. The circumstances 
for taking excess amounts of vitamin A, the 
frequent delay in clinical recognition, in- 
stances of multiple cases in one report, and 
circumscribed geographic areas of ~ case 
location all indicate that the disorder is more 
common than reported. These factors strongly 
Suggest that the laity, and for that matter, 
many physicians, are not fully aware that ex- 
cess ingestion of vitamin A in very large doses 
for a short period (days), or in lesser excess 
amounts for longer periods (weeks to months) 
may produce toxic effects, not only in infants, 
but in older children and adults. 

Careful studies of patients with vitamin A 
overdose have been reported with increasing 
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frequency, and with such consistency of find- 
ings, that several well-defined and readily 
recognizable clinical syndromes have been de- 
lineated which can be classified, as suggested by 
Knudson and Rothman! into acute and chronic 
types in both infants and adults. 

Recent reviews of the clinical aspects of hy- 
pervitaminosis A by Oliver,? Breslau,* and 
Gerber, Raab, and Sobel‘ and others; of the 
biochemical and pathologic aspects by Nieman 
and Klein Obbink;® inclusion of discussions of 
this disorder for the first time in recent editions 
of general textbooks; the detailed discussion of 
it in a monograph on vitamin A by Moore,‘ 
and editorial comment*’ all attest to the grow- 
ing importance of this subject. Reference to 
these sources will be useful for those not 
familiar with the clinical recognition of the 
syndrome. 


CHRONIC HYPERVITAMINOSIS A 


Following Joseph’s original description of 
chronic hypervitaminosis A in a three-year-old 
male in 1944,* 36 well-documented cases, mostly 
infants and young children, plus six adults, 
have been reported.?, The onset is insidious, 
following a variable latent period of weeks 
to many months (average 10 months) of 
daily ingestion of vitamin A in doses of the 
magnitude of 100,000 units (occasionally more, 
rarely less). The correct diagnosis was often not 
made for long periods after onset of symptoms. 
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Infants and young children with this dis- 
order insidiously and commonly develop con- 
stitutional symptoms, anorexia, dry, itchy skin 
(often followed by a seborrhea-like rash or 
desquamation), alopecia and sparse, coarse 
hair, angular fissures or cracking of the lips and 
a palpable hepatomegaly.? Particularly con- 
stant and characteristic, after a latent period, 
are painful swellings of the extremities over 
such bones as the tibia, fibula, clavicles, ulna 
and metatarsals (areas not well protected by 
muscle mass) which may produce a protective 
limp, refusal to stand, or disturbed sleep. The 
characteristic subperiosteal new bone growth 
and cortical thickening of the involved bones 
responsible have been ably described by 
Caffey.® Of diagnostic help and interest is the 
frequently elevated blood alkaline phosphatase 
value and the almost invariable normal cal- 
cium and phosphorus serum level. There may 
be constipation, weight loss, and rarely a pe- 
culiar craving for butter. 

In adults, the clinical picture differs in the 
greater severity of the alopecia, skin involve- 
ment, and nail changes contrasted with the 
relative mildness of bone and joint pain, rarity 
of radiographic bone changes, relatively nor- 
mal blood alkaline phosphate values and lesser 
size and incidence of hepatomegaly. Unique in 
adults have been exophthalmos, menstrual 
disturbances, and skin pigmentation. 

Some cases, in both children and adults, may 
manifest clinical evidence of increased spinal 
fluid pressure which will be commented on else- 
where. Hemorrhagic phenomena, common in 
experimental animals, are rare in humans ex- 
cept for occasional epistaxis. 

The rapid and complete recovery following 
treatment, which consists simply of cessation 
of the excessive vitamin A intake is particularly 
impressive and diagnostically significant. The 
effects are manifest within three to ten days 
for such features as anorexia, bone pain, head- 
ache, limps, pruritus, and weight loss, and 
somewhat longer for others due to tissue 
changes.* Permanent sequelae are unusual. 

In infants and children the clinical picture 
may be confused with infantile cortical hy- 
perostosis (Caffey’s Disease), acute rheumatic 
fever, scurvy, rickets, arthritis; and in adults, 
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with some of these and hypothyroidism or 
Addison's disease. 

In both childrea and adults, the features of 
avitaminosis A may be confusingly similar to 
hypervitaminosis A. 


ACUTE HYPERVITAMINOSIS A 


The acute form of the disease in infants as 
described in 1951 by Marie and Sée,” and 
adult cases represented by many examples in 
arctic explorers, presents primarily with cen- 
tral nervous system manifestations due _pri- 
marily to an abrupt and marked elevation in 
spinal fluid pressure. This is evident within 
hours after ingestion of a single large dose of 
vitamin A in the magnitude of 300,000 units for 
infants, and of one to several million units for 
adults. 

In infants, the clinical picture (known as the 
Marie-Sée syndrome) is one of acute hydro- 
cephalus, with marked bulging of the fontanel- 
les (often as mushroom-like protuberances on 
the child’s head), accompanied by vomiting 
and agitation or drowsiness, but without evi- 
dence of meningeal irritation or focal neuro- 
logic signs. Vitamin A is absent from the 
spinal fluid but blood levels are elevated. This 
is followed by a delayed but rough correlation 
of the increase in spinal fluid pressure to the 
blood level. 

Reports of adults with the acute form 
emanate chiefly from arctic regions and are re- 
lated to ingestion of polar-bear liver, an edible 
portion of which may contain several million 
units of vitamin A. Similar effects have also 
been noted from a comparable single dose of 
medicinal vitamin A. 

The symptom complex occurs within hours 
after ingestion, manifested chiefly by a violent 
headache, accompanied often by nausea, vomit- 
ing, drowsiness, etc., all supposedly related to a 
marked increase in spinal fluid pressure. In 
addition, many of those afflicted noted desqua- 
mation of the skin either generalized or local- 
ized about the lips or to the exposed surfaces, 
evident on the second day. 

In acute intoxication, manifestations appear 
to result from direct toxic effects on specific 
tissues, and are not dependent on supersatura- 
tion of liver stores.* It is of interest that some 
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patients manifest features of both the acute 
and chronic form. 

Laboratory studies indicate that the blood 
vitamin A level is markedly elevated in all 
chronic cases thus studied, with variations from 
a normal fasting range of 50 to 150i.u. per 100 
ml of serum to values most frequently ranging 
from 800 to 2,000 i.u. per 100 ml, with a record 
high of 6,660 i.u. per 100 ml. Elevated values 
were also noted in the acute form. This de- 
termination is, therefore, diagnostically very 
helpful. 

One study‘ indicated that the elevated 
vitamin A level was predominantly in the al- 
cohol rather than ester form, a point of possible 
diagnostic value as indicated by the more rapid 
drop in this fraction as compared to the ester 
form. 

The severity of most chronic cases on record 
in the literature, coupled with the long delay 
in diagnosis following onset of symptoms, indi- 
cates a low clinical suspicion for this disorder 
and suggests that milder (subclinical) forms 
may exist which are not recognized at all. Few 
physicians query patients on excess ingestion 
of vitamins compared to a possible deficient 
intake. Blood-vitamin A determinations are 
not readily available. 

In one report, unexplained headache in two 
patients with a slightly elevated blood-vitamin 
A level, taking moderate excess daily doses of 
vitamin A, cleared when its ingestion was 
stopped. These may be representative of the 
subclinical form which, unfortunately, has not 
been delineated. 

Suspicion of mild hypervitaminosis A may be 
warranted in instances where dryness, itching 
or desquamation of skin, fissured lips, chronic 
headache, vague bone and joint pains, consti- 
pation, anorexia or elevated alkaline phospha- 
tase in various combinations are chronically 
present and unexplained. An elevation of 
blood-vitamin A level, history of excess intake, 
bone changes by roentgenogram and prompt 
cessation of these clinical phenomena with a 
low vitainin A intake would confirm the diag- 
nosis. A careful study of this type would be 
particularly helpful. The minimal aspects of 
the clinical spectrum of hypervitaminosis A is 
hazy and poorly delineated in contrast to 
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the sharp definition of the severe forms. 

The clinical picture of hypervitaminosis A 
rests not only on the consistency with which 
certain signs and symptoms have been present 
in published material, but by its reproduction 
experimentally in humans. Experimental stud- 
ies of hypervitaminosis A in animals are too 
well documented to require further comment. 

In humans, experimental studies have taken 
two forms. In several reported instances of 
human hypervitaminosis A,* many of the 
clinical features which disappeared when ex- 
cessive vitamin A intake was stopped, promptly 
reappeared when the excessive doses of vitamin 
A were again administered. The blood-vita- 
min A level, after an initial sharp fall, tapers off 
more slowly for many weeks. Prompt reacer- 
bation of symptoms is apparently possible if 
excess vitamin A is further ingested before the 
saturated liver stores are depleted. This holds 
true with the use of pure vitamin A as well as 
fish liver oil concentrates, indicating the exces- 
sive intake of vitamin A as the specific cause of 
the clinical phenomena.'! 

Even more important is the recent report by 
Hillman,'? in which hypervitaminosis A was in- 
duced experimentally, on two separate occa- 
sions, in a healthy human male, age 40, given 
excess quantities of this vitamin during two 
periods; one of 14 days’ duration; the other of 
25 days’ duration (spaced many months apart). 
The dose was in the magnitude of 1,000,000 
units per day. Striking rises in blood-vitamin 
A levels were noted rather promptly during 
each test period accompanied by such clinical 
features as severe headache, skin changes (dry- 
ness, rash, desquamation, itching), various 
constitutional symptoms, polyarthralgia and 
bone pain, etc., in variable sequence and com- 
binations, duplicating many of the important 
clinical phenomena of both the acute and 
chronic forms of hypervitaminosis A docu- 
mented in published case reports. This 
important work is worth reading in the origi- 
nal. 

A particularly unique and intriguing mani- 
festation of human hypervitaminosis A, more 
common in the acute than the chronic form, is 
a striking increase in cerebro-spinal fluid 
pressure. This subject was recently reviewed 
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by Bass.'* All the more puzzling have been 
reports that this same phenomenon may res-1lt 
from avitaminosis A in humans,'*:” and that 
either hypervitaminosis A or avitaminosis A 
during early pregnancy in rats may produce 
hydrocephalus in the fetal offspring. 

The mechanism is unknown, but excess for- 
mation of spinal fluid has been suggested. 
Vitamin A does not enter the spinal fluid which 
has been normal in cytologic and chemical 
characteristics, but under high pressure, as in- 
dicated by manometric readings. Equally 
mysterious are indications of a similar increase 
in spinal fluid pressure at times with use of 
certain of the tetracycline antibiotics in 
children.’* Investigation of the mechanism of 
the acute hydrocephalus in these several condi- 
tions appears highly desirable with particular 
attention to whether a common mechanism is 
responsible. 

The acute hydrocephalus has been manifest 
clinically by bulging fontanelles in infants, ele- 
vated cerebro-spinal fluid pressure readings, 
occasionally as papilledema, and rarely by en- 
largement of the head. It could explain the 
headache, vomiting; stupor, and vertigo noted 
with acute poisoning in infants from excess in- 
take of vitamin A preparations; and in adults 
acutely ill from ingesting livers of certain fish 
and arctic mammals (particularly polar bears) 
known to contain millions of units of vitamin A 
in a consumed portion. Internal hydroce- 
phalus could explain the exophthalmos noted 
in experimental animals and (rarely) in hu- 
mians.* 

Published reports indicate a paucity of local- 
izing neurologic signs and suggest that the proc- 
ess is generalized. The acute hydrocephalus 
rapidly subsides with cessation of the excess in- 
take, or with drainage via lumbar puncture. 

The implication of hypervitaminosis A was 
greatly broadened when Cohlan,":™ success- 
fully demonstrated the frequent production of 
congenital anomalies in baby rats whose 
mothers received excessive doses of vitamin A 
during the early phase of pregnancy. The 
reader is referred to recent reviews** for fur- 
ther comment and references to several con- 
firmatory studies. Cohlan’s experiments indi- 
cate that the congenital defects noted in off- 
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spring in rat litters are dependent on the days 
of gestation during which the overload with 
vitamin A is performed.’ From the fifth to 
the eighth day, the vitamin overload com- 
monly terminated pregnancy with fetus resorp- 
tion, but with anencephaly in a small per- 
centage of the survivors. From the eighth to 
the tenth day, anencephaly was noted in 53 
per cent of the offspring: spina bifida, cleft 
palate, microphthalmia or anophthalmia were 
noted to a lesser extent. From the 11th to the 
13th day, 92 per cent exhibited cleft palate 
and occasionally cataracts. Between the 
14th and 16th day, cleft palate was observed in 
49 per cent with more manifesting cataract. 
From the 18th to the 20th day, cataracts were 
the main defect. Rarely, other anomalies such 
as hare lip, macroglossia and other eye defects 
were noted. Fetal hydrocephalus was noted 
and has been commented upon elsewhere. 

It is well to recall that maternal avitaminosis 
A in rats, in early pregnancy, has. similar 
teratogenic effects, often resulting in birth of 
young with anomalies of the brain, its cal- 
varia, and production of congenital hydro- 
cephalus. Apparently both avitaminosis A 
and hypervitaminosis A are hazardous in the 
early rat pregnancy. 

Recently, Millen and Woollam'® reported 
that cortisone administered during early preg- 
nancy potentiated the teratogenic effect of ma- 
ternal hypervitaminosis A in rats as regards 
gross malformations of the brain and calvaria; 
and in another study” they demonstrated a 
striking increased incidence of cleft palate with 
this combination. It was suggested that corti- 
sone acts by increasing the sensitivity of the 
developing tissues which enhanced the terato- 
genic effect of hypervitaminosis A. 

There is no available information as to 
whether hypervitaminosis A exerts a similar 
teratogenic effect in human pregnancy, but the 
subject is one worthy of critical investigation. 
It also is not known whether cortisone has a 
similar potentiating effect. 

The general caution about excess use of vita- 
min A in patients may well deserve double 
emphasis when prégnancy exists. The steadily 
increasing literature on hypervitaminosis A 
indicates an established wide spectrum of its 
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effects and carries the implication of still 
further broadening. 


—HAROLD JEGHERS, M.D. 
HOWARD MARRARO, M.D. 
Department of Medicine, 
Seton Hall College of 
Medicine and Dentistry, 
Jersey City, N. J. 


REFERENCES 


1. Knupson, A. G. and Rotuman, P. E.: Hyper- 
vitaminosis A: A review, with a discussion of 
vitamin A. Am. J. Dis. Child. 85: 316, 1953. 

2. OxtverR, T. K., JR.: Chronic vitamin A intoxica- 
tion: Report of a case in an older child and re- 
view of the literature. A.M.A. J. Dis. Child. 95: 
57, 1958. 

3. BresLtau, R. G.: Hypervitaminosis A: Clinical 
review. Arch. Pediat. 74: 139, 178, 1957. 

4. GERBER, A., Raas, A. P., and SoBEL, A. E.: Vita- 
min A poisoning in adults: Description of a case. 
Am. J. Med. 16: 729, 1954. 

5. Nieman, C. and KLEIN OBBINK, H. J.: The bio- 
chemistry and pathology of hypervitaminosis A. 
Vit. and Hormones 12:69, 1954. 

6. Moore, I.: Vitamin A. Elsevier, Houston, 1957, 
p. 645. 

7. Epiror1aL: Excessive intake of vitamin A. Nutr. 
Rev. 12: 268, 1954. 

8. JosepH, H. W.: Hypervitaminosis A and caro- 
tinemia. Am. J. Dis. Child. 67:33, 1944. 

9. Carrey, J.: Chronic poisoning due to excess of 
vitamin A: Description of the clinical and roent- 


EDITORIAL 


339 


genological manifestations in seven infants and 
young children. Pediatrics 5: 672, 1950. 

10. Martz, J. and Sée, G.: Acute hypervitaminosis 
of the infant: Its clinical manifestation with 
benign acute hydrocephalus and pronounced 
bulge of fontanel: A clinical and biologic study. 
A.M.A. J. Dis. Child. 87: 731, 1954. 

11. Toomey, J. A. and Morissette, R. A.: Hyper- 
vitaminosis A. Am. J. Dis. Child. 73: 473, 1947. 

12. Hittman, R. W.: Hypervitaminosis A: Experi- 
mental induction in the human subject. Am. J 
NuTRITION 4: 603, 1956. 

13. Bass, M. H.: The relation of vitamin A to cere- 
brospinal fluid pressure: A reyiew. J. Mt. 
Sinai Hosp. 24:718, 1957. 

14. CoRNFELD, D. and Cooxg, R.: Vitamin A defi- 
ciency: Case report (unusual manifestations in 
a 5!/2 month old baby). Pediatrics 10:33, 1952. 

15. Bass, M. H. and Captian, J.: Vitamin A deficiency 
in infancy. J. Pediat. 47: 690, 1955. 

16. GELLIs, S.: Editorial comment; in Year Book of 
Pediatrics. Year Book Publishers, Chicago, 1956, 
p. 40. 

17. Couvan, S. O.: Excessive intake of vitamin A as 
cause of congenital anomalies in rats. Science 
117: 535, 1953. 

18. Contan, S. O.: Congenital anomalies in the rat 
produced by excessive intake of vitamin A during 
pregnancy. Pediatrics 13: 556, 1954. 

19. MILLEN, J. W.and Woottam, D.H.M.: Influence 
of cortisone on tetragenic effects of hypervitamin- 
osis A. Brit. M. J. 2: 196, 1957. 

20. Wootiam, D. H. M. and MILten, J. W.: Effect of 
cortisone on the incidence of cleft palate induced 
by experimental hypervitaminosis A. Brit. M. J. 
2: 197, 1957. 


Nutrition and a State Medical Society 


= ultimate goal of all research and clinical 
investigation in nutrition is the improve- 
ment of the health of the people. To this end 
several progressive state medical societies have 
established programs which vary in scope and 
objectives but which have as their fundamental 
philosophy the ‘practical application” of our 
newer knowledge of nutrition. 

One of the leading examples of such a pro- 
gressive viewpoint may be found in the report 
of the Commission on Nutrition of the Medical 


Society of Pennsylvania (Pennsylvania M. 
J. 60:1113,1957). The Commission’s report 
may well be studied by appropriate commis- 
sions of other state medical societies for it 
represents an admirable example of what can 
and should be done. 

In brief, the Commission has had two objec- 
tives: (1) The stimulation of interest in clinical 
nutrition at state and county levels; and (2) the 
dissemination’ of factual information on nutri- 
tion to both practicing physicians and the laity, 
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Among the numerous accomplishments of the 
Committee are the following: 

A number of editorials on various aspects of 
applied nutrition appeared in the state medical 
journal. 

Three exhibits were presented at the annual 
sessions of the state medical society. These 
dealt with obesity, electrolytes, and salt free 
diets. 

A Coordinating Committee was established 
with representatives from city, state, and 
health medical societies, dental societies, state 
nurse organizations, etc. This Committee 
undertook a survey of the extensive nutritional 
training in hospitals. It was learned, not un- 
expectedly, that most hospitals offer little or 
no training in nutrition to interns and residents. 
The great majority of institutions, however, 
expressed a desire for a manual on standard 
therapeutic diets for both reference and teach- 
ing purposes. As a result, therefore, the Co- 
ordinating Committee prepared a manual of 
standard therapeutic diets which apparently 
has met with considerable enthusiasm state 
and nationwide. Copies of the manual have 
been distributed free of charge to senior medical 
students of the six medical schools in Pennsyl- 
vania. 

As part of an education program, the State 
Nutrition Commission organized various sym- 
posia. These were held at State Medical 
Society meetings, and in cooperation with the 
National Vitamin Foundation, and with the 
Philadelphia County Medical Society. 

The Commission has also urged the estab- 
lishment of nutrition clinics throughout the 
state and supported a pioneering nutrition 
clinic now in operation at the Philadelphia 
General Hospital. 

In cooperation with the Dietetic Association, 
a program will be prepared for the laity. 

The Commission cooperated with the Penn- 
sylvania Heart Association in the prepara- 
tion of a manual on salt-free diets for free 
distribution. 

The Commission also prepared a program of 
vitamin and other nutritional supplementation 
for patients under state public assistance. 
This doubtless will save the taxpayer a consid- 
erable amount of money. 
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The writer has had an opportunity to see a 
proposal for the establishment of a Division of 
Nutrition within the Department of Public 
Health of the City of Philadelphia. Because 
it is felt that this may be of interest to some of 
our readers, the following is a brief summary of 
this proposal. 

The purposes of such a Division of Nutrition 
within a City Department of Public Health are 
(1) the promotion of better public health 
through research and special clinics; (2) the 
prevention of diseases arising from public 
ignorance of this field; and (3) direct participa- 
tion in programs both in prenatal clinics, ma- 
ternal nutrition studies, and school nutrition 
projects; and finally (4) rehabilitation of those 
who are in medical need from the public health 
standpoint, such as obesity, nutritional anemia, 
diabetes, etc. 

The recommended organization would be 
located in a large city hospital. The staff 
would consist of a director, three physicians, 
two dietitians, a psychiatrist, a laboratory 
technician, two social workers, and a clerk. 
A number of laboratory studies would be per- 
formed including, in addition to routine de- 
terminations, analyses of vitamin C, urinary 
thiamine, urinary riboflavin, and electro- 
lytes. 

The Nutrition Division could plan courses 
for members of the Department of Public 
Health, such as public health nurses, dietitians 
employed by other state and city agencies, 
general physicians, and school physicians. 
Furthermore, this division could furnish con- 
sultants to other departments within and out- 
side the Department of Health, would engage 
in the nutrition and education in medical 
schools and hospitals, help improve dietary 
practices in various state institutions, and ad- 
vise various industrial hygiene divisions. 

’ It is clear that a great deal may be offered by 

city- and state-organized medicine in improv- 
ing the role of nutrition as a medical science 
and as an adjunct toward the health of the pub- 
lic. 

A special commendation should be made to 
the Commission on Nutrition, State of Pennsyl- 
vania, under the chairmanship of Dr. Michael 
G. Wohl, whose members include Drs. T. 
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E. Machella, R. E. Olson, H. N. Seiple, J. N. of the progress in clinical nutrition can be 
Seitchik, P. L. Shallenberger, Paul C. Shoema- brought to a more practical application to the 
ker, J. M. Strang, and C. W. Wirts, Jr. health of the people. 

It is hoped that through these means some —S. O. WAIFE, M.D 


ANNOUNCEMENT 


The Editorial Board of this Journal has long felt that the field of interest of clinical 
nutrition overlaps with the disciplines known as ‘‘metabolism’”’ and ‘“‘endocrinol- 
ogy.” This historic but artificial separation seems meaningless now as current 
research has led to the abolition of boundaries between these three facets of man’s 
adjustment to internal and external changes. 

The Editorial Board, therefore, is pleased to announce the appointment of three 
Departmental Editors who will help in broadening the coverage of this Journal. 

Metabolism: Kenneth R. Crispell, m.p., Associate Professor of Medicine, Univer- 
sity of Virginia, Charlottesville. : 

Nutrition: D. Mark Hegsted, pH.p., Associate Professor of Nutrition, Harvard 
School of Public Health, Boston. 

Endocrinology: Laurance W. Kinsell, m.p., Director, Institute for Metabolic 
Research, Highland Alameda County Hospital, Oakland, Cal. 


Condolences 


As we go to press, we learn with sorrow of the passing of Dr. Edward J. Stieglitz, 
a member of our Advisory Board. To the family of Dr. Stieglitz the publishers 
and editorial staff of this Journal extend their deepest sympathy. 
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Clinical Reports 


Nutrition Surveys in the Near and Far East 


REPORT OF THE INTERDEPARTMENTAL COMMITTEE 
ON NUTRITION FOR NATIONAL DEFENSE 


FRANK B. BERRY, M.D. AND ARNOLD SCHAEFER, PH.D. 


eine ENTHUSIASTIC and continued interest 
in nutrition improvement shown by the 
six countries in the Near and Far East where 
the Interdepartmental Committee on Nu- 
trition for National Defense (ICNND) has 
conducted surveys during the past two years 
is evidence that this form of technical assist- 
ance is well accepted. During our visits to the 
Near East in the fall of 1956 and 1957, people 
repeatedly expressed thanks—and sometimes 
surprise—that the United States is interested 
in the welfare of men in other nations—in their 
health and their food. In most of the de- 
veloping countries visited, the primary concern 
of the majority of the people is survival, which 
is dependent on food and shelter. These seem 
far more important to them than the possi- 
bility of war and destruction. 

The work of the nutrition teams is carried 
out on a partnership basis, with scientists and 
technicians of the host country working with 
the United States members. The latter have 
reported that the nutrition studies are an ef- 
fective form of scientific-military aid which 
often can be expanded and applied for im- 
proving the health of the civilians. The suc- 
cess of this type of mutual assistance is due in 
large part to the understanding, cooperation, 


From the Office of the Assistant Secretary of De- 
fense (Health and Medical), Department of Defense, 
Washington 25, D. C., and the National Institutes of 
Health, Bethesda, Md. 

Published originally in the United States Armed 
Forces Medical Journal 9:91 (Jan.) 1958, and reprinted 
with the permission of the authors and publishers. 


and wholehearted support received from host 
country governments and military groups, 
U. S. Government agencies, and Military and 
Economic Assistance Missions. 

Much credit is due our armed services, the 
U. S. Public Health Service, and the many 
universities and colleges that have released 
key personnel for the survey teams. The 
following educational institutions have partici- 
pated: Vanderbilt, Cornell, Illinois, Maryland, 
Harvard, Rochester, Tulane, Temple, Agri- 
cultural and Mechanical College of Texas, 
Oregon State, Pennsylvania State, and Virginia 
Polytechnic Institute. The U.S. Army Medi- 
cal Nutrition Laboratory, the National In- 
stitutes of Health, and the Office of the Surgeon 
General of the Army also have supplied person- 
nel, while laboratory support has been ob- 
tained from the Naval Medical Research Unit 
No. 3 in Egypt and the 406th Medical General 
Laboratory in Japan. 

We all are familiar with the role that food, 
nutrition, and health play both in a military 
operation and in daily life. The old saying that 
“An Army marches on its stomach’ has not 
changed today. We may have atomic power 
to propel ships and generate electric power, 
but no such concentrated substitute for sup- 
plying man with energy has been developed. 
Calories for human propulsion and warmth 
are still derived from fats, proteins, and 
carbohydrates. Fuel and hardware are logistic 
problems, but food is a problem both of logistics 
and of health. 

Sufficient data have been accumulated to 
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state unequivocally that military equipment 
aid is a poor investment unless the personnel 
are physically capable of utilizing it with 
maximum effectiveness. This is not possible 
when the performance of some 50 per cent of 
the personnel is impaired by nutritional de- 
ficiencies, when training hours must be cur- 
tailed due to physical exhaustion, and when 
lack of a field-type ration reduces effective 
mobility regardless of the degree of mechani- 
zation of the armed forces. 

During the past few years our Government 
has recognized the importance of food and 
nutrition as an integral part of the Mutual 
Defense Assistance Program of technical, 
military, and economic aid. At the close of 
World War II, the nutritionists of the United 
States and its allies were called upon to assist 
in Europe in diagnosing and recommending 
measures to alleviate problems of acute star- 
vation associated with a secondary protein 
deficiency. 

In Asia and Africa the nutritional problems 
are much more complex and their solution more 
difficult. To begin with, in sharp contrast to 
the large background of data available on 
Europeans, these is little factual information 
available on the nutritional conditions and 
requirements, food production, habits, customs, 
and taboos of many Asiatic populations. The 
countries included in the present program are 
keenly aware of the seriousness of their feeding 
and nutritional problems and have indicated a 
desire for assistance. 


FORMATION AND FUNCTIONS OF THE ICNND 


The Committee was organized as the result 
of a study of the Korean Army and of our ef- 
forts to assist the Chinese Nationalists on 
Taiwan in 1953-54. One of the findings was 
that much of the data in reference to food and 
nutrition which had been collected previously 
was not generally available to the groups hav- 
ing operating responsibilities in this area. 
No less than six different groups were inde- 
pendently making studies in Taiwan. A co- 
ordination of these studies was indicated to 
effect economy and to consolidate the recom- 
mendations. 

In July 1954 an ad hoc coordinating com- 
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mittee on nutrition problems was organized 
at the National Institutes of Health, Bethesda, 
Md., under the sponsorship of the Department 
of Defense, with representatives of the depart- 
ments and agencies with interest in and oper- 
ating responsibilities for the Mutual Defense 
Assistance Program. The ICNND was for- 
mally established early in 1955 by a memo- 
randum of agreement signed by the Secretaries 
and heads of departments of interested agencies 
(Departments of Defense—Army, Navy, Air 
Force—State; Health, Education and Welfare; 
and Agriculture; plus the International Co- 
operation Administration). It was later ex- 
panded to include the Atomic Energy Commis- 
sion. Membership includes representatives 
from the above agencies. 

The Committee has a Secretariat consisting 
of an Executive Director, a nutritionist, a 
clinician, and an agricultural economist, with 
offices at the National Institutes of Health. 
The late Dr. Harold R. Sandstead served as 
the first Executive Director until his untimely 
death in November, 1955. A panel of 20 
consultants who are specialists in the fields of 
nutrition, medicine, biochemistry, food tech- 
nology, and agriculture serves as an advisory 
body, and four subcommittees of consultants 
have been appointed to consider standard 
methods for nutrition surveys, nutritional re- 
quirements and working standards, nutrition 
research programs for foreign countries, and 
food and agriculture. 

The purpose of the Committee is to deal 
with nutrition problems of technical, military, 
and economic importance in foreign countries 
in which the United States has a special 
interest. The Committee serves as a central 
clearing house on food and nutrition informa- 
tion, evaluates problems of food procurement 
and feeding, prepares reports and recommen- 
dations for the agencies concerned, reviews 
nutrition projects being conducted in areas 
where the United States is giving assistance, 
and coordinates, advises, and participates in 
field projects, when appropriate. 


NUTRITION SURVEY PROGRAM 


In April 1955 and in November 1956, repre- 
sentatives of the ICNND visited a number of 
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countries in Asia and Africa. Following these 
visits the Committee received requests from 
the governments of Iran, Pakistan, the Philip- 
pines, Turkey, Korea, and Libya for nutrition 
surveys of their armed forces. The first sur- 
veys were begun in January 1956 in Iran and 
Pakistan, and surveys now have been com- 
pleted in all six countries. Funding was ar- 
ranged through the Assistant Secretary of 
Defense for International Security Affairs as 
part of the Mutual Defense Assistance Pro- 
gram, the cost to the United States averaging 
only about $53,000 per country surveyed. 
Objectives 

The objectives of the nutrition surveys can 
best be summarized by three words: assess, 
assist and learn. The assessment phase in- 
volves an evaluation of the nutritional status 
of the population, and the capabilities and 
potential for improving the health of the people. 
In conjunction with the surveys, immediate 
assistance is given as follows: (1) by training 
host country personnel in nutrition evaluation 
technics, emphasizing clinical and biochemical 
phases and dietary intake and food production 
studies; (2) by furnishing essential laboratory 
equipment and supplies for establishing a 
permanent medical nutrition and food labora- 
tory; and (3) by defining the major nutrition 
problems and developing practical recom- 
mendations so that the host country can best 
utilize the resources within the country. 

The surveys afford an excellent opportunity 
for United States personnel to learn much from 
these countries regarding nutritional diseases, 
foods and food habits, and customs and prac- 
tices. Also, the clinical, biochemical, and 
dietary data obtained contribute to a better 
understanding of nutritional diseases. 


Implementation 


Upon request for assistance from a country 
under the Mutual Defense Assistance Program, 
the ICNND organizes a nutrition team by ap- 
pointing specialists in the fields of medicine, 
nutrition, food technology, agriculture, and 
sanitation. For most surveys the United 
States nutrition team members include a sur- 
vey director, one or two clinicians, three bio- 
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chemists, two food and dietary survey spe- 
cialists (usually former U. S. Army nutrition 
officers), a food technologist and agricultural 
economist, and a sanitary engineer. The host 
country furnishes counterpart personnel, 
laboratory space, and other logistical support. 
About 70 to 90 days are required to make a 
survey. 


Procedures 


A Manual for Nutrition Surveys has been 
prepared to serve as a detailed guide for con- 
ducting surveys, and a revised edition, in- 
corporating the experiences of the first four 
field -studies, is in press at the U. S. Govern- 
ment Printing Office. The primary purposes 
of the Manual are: (1) to establish uniformity 
in methods, technics and procedures, so that a 
reliable comparison may be made of results of 
surveys within and among countries; (2) 
to serve as a reference to ensure maximum 
coverage of the major facts considered essential 
in appraising nutritional status to permit prac- 
tical, effective recommendations; and (3) to 
define the responsibilities and duties of various 
team members. 

The clinical team conducts a physical exam- 
ination on a statistical sample, the number 
being determined by the population size. In 
general, about 2,000 persons are given a de- 
tailed examination, and an additional 3,000 to 
5,000 are given abbreviated physical exami- 
nations that are limited to selected major signs 
of nutritional significance. 

Samples of urine and blood are obtained 
from about 500 of the subjects receiving a 
complete physical. The biochemical analyses 
include determination of hemoglobin; hemat- 
ocrit; plasma protein, vitamin C, carotene, 
and vitamin A; and urinary excretion of 
thiamine, riboflavin, and N?}-methylnicotin- 
amide. The biochemical team is equipped to 
determine total serum cholesterol and serum 
albumin and globulin, and to conduct vitamin 
saturation tests if findings so dictate. 

The food and dietary team determines daily 
food intake by inventory and food preparation 
survey technics, and collects composite food 
samples for chemical analysis. In addition, 


data are collected on food issues, menu plan- 
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ning, and food habits. The agricultural econ- 
omist and food technologist surveys food pro- 
duction, preparation, processing, storage, and 
transportation. 


HIGHLIGHTS OF SURVEY FINDINGS 


General Observations 


Although there are many similarities in the 
food and nutrition problems in the countries 
surveyed, each country must be considered 
separately and practical recommendations 
made for the solution of individual problems. 
Two factors affecting the nutritional status of 
developing countries are: lack of adequate 
transportation to move food from the area uf 
origin to other parts of the country where 
these foods are in short supply; and lack of 
processed foods, resulting in considerable 
quantitative and qualitative fluctuation of food 
intake during different parts of the year. 
This lack of processed foods also curtails ef- 
forts to develop a field-type ration. 

Cooking facilities in most of the kitchens 
consist primarily of large round-bottomed 
pots, either iron or tinned copper, often 
mounted over a dried clay firebox. Most 
kitchens prepare food for battalion-size units, 
and the meals are of the one-pot type, which 
isasteworasoup. This is supplemented with 
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bread in the wheat-eating countries, or a side 
dish of rice in the rice-eating” afeas. Typical 
kitchens are shown in Figures 1-3. 

Other kitchen equipment usually is very 
meager, consisting primarily of stirring equip- 
ment, pails, knives, and a miscellaneous col- 
lection of containers. In most cases there are 
no mess halls, and each unit’ brings a large 
container to the kitchen where a measured 
amount of the food, depending upon troop 
strength, is issued. This is taken to the bar- 
racks, where the individual issue is made. 

As one would expect, cooking facilities are 
less adequate with smaller units at outlying 
posts. In general, it is in these units that 
nutrition problems are most exaggerated. 
Most foods are procured from local contractors 
and in many cases fresh vegetables are pur- 
chased by individual units. Since refrigera- 
tion and preserved foods are extremely limited, 
virtually all perishables are issued on a 24-hour 
basis. 

Improvement of health and. sanitary con- 
ditions is dependent largely upon active par- 
ticipation and direction by the Command. 
In nearly all armed forces, this authority has 
been delegated. However, preventive medi- 
cine, which includes sanitation, housing, feeding 
and disease control, is of necessity a Command 
function. 


Fig. 1. Typical ‘‘one-pot’’ system of cookery used in Iran and many neigh- 


boring countries. 
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Fig. 2. Korean military field kitchen 
structed quickly at a new location. 


In most of the countries there is need for 
improvement in the basic ration allowance and 
in menu planning, with consideration given to 
the nutritional adequacy as well as to the cost 
of a ration. 

In general, the principal nutritional defi- 
ciencies encountered in the countries surveyed 
were of riboflavin, thiamine, vitamin A, and 
vitamin C. Not every country has problems 
involving all of these vitamins, and in most 
cases, not all the areas within a country have 
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under canvas. The stove can be recon- 


such problems. Suboptimal intakes of these 
essential nutrients can, when sufficiently ag- 
gravated, result in serious physical disability 
of the troops. A man with scurvy, beriberi, or 
night blindness becomes a hospital patient and 
not an effective soldier. 


General Recommendations 


The teams recommend that a nutrition 
service be established, with representation from 
the medical, veterinary, and quartermaster 


Fig. 3. More permanent type of Korean military field kitchen, with walls and 


thatched roof. 
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departments, and that this group establish 
close working relationships with civilian experts 
in the fields of nutrition, agriculture, food 
technology, transportation, and storage. Some 
of the principal duties of this service would be 
to assist Command in (1) formulating basic 
ration allowances and master menus for all the 
services, to ensure nutritional adequacy of all 
the essential nutrients; (2) developing and 
maintaining a list of food substitutes that could 
be used as a guide at the ration purchase and 
distribution points; (3) formulating and testing 
emergency field-type rations to be used in the 
field and, in some cases, at outlying posts; and 
(4) determining the nutritional status of the 
troops at periodic intervals. 

In a few instances, food wastage presented a 
serious problem. Much of this resulted from 
overissue of certain foods that the troops did 
not like, or poor food preparation and, oc- 
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casionally, poor quality of the food purchased. 
Where it did occur, the nutrition service gave 
invaluable help in correcting the situation. 

_In nearly all cases the nutrition problems 
encountered could be corrected by proper utili- 
zation of the resources within the country 
concerned. 


Principal Nutrition Problems 


A summary of the major clinical biochemi- 
cal, and dietary findings is given in Table I. 
With a few exceptions, there is a good correla- 
tion between these three phases of the nutri- 
tional assessment. 

Riboflavin: The most universal problem en- 
countered and the most difficult one to correct 
by utilizing native foods was that involving 
riboflavin. The average dietary intake of 
riboflavin varied from 0.8 to 1.2 mg per man 
per day. In three countries (Korea, Iran, and 


TABLE I 


The Major Clinical, Biochemical, and Dietary Findings in Surveys of Armed Forces Personnel of Six Countries 
in the Near and Far East 


Clinical examinations (number) 
Biochemical determinations (number) 303 
Riboflavin nutriture 
With angular lesions (per cent) 13 
With angular scars (per cent) 11 
With urinary excretion <30 ug/6 hr (per 16 
cent) 
Average dietary intake (mg/day) 1 
Thiamine nutriture 
With loss of ankle jerks (per cent) 0.1 
With urinary excretion <25 yug/6 hr (per 5 
cent) 
Average dietary intake (mg/day) 3:1 
Vitamin C nutriture 
With scorbutic type gums (per cent) 0.3 
With bleeding gums (per cent) 0.4 
With serum vitamin C <0.2 mg/100 ml (per 1 
cent) 
Average dietary intake (mg/day) 55 
Vitamin A nutriture 
With follicular keratosis (per cent) 5 
With serum vitamin A <20 yug/100 ml (per 18 
cent) 
With serum carotene <40 yug/100 ml (per 7 
cent) 
Average dietary intake (I.U./day) 


Korea 


1,218 


Paki- Philip- 

Iran stan pines Turkey Libya 
1,730 2,019 4,234 8,519 1,749 
396 440 454 329 144 
15 0.6 0.8 23 5 
21 0.1 72 17 i 
21 3 7 5* 4 
1.3 0 3 1.3 1 
9 6 41 4 44 
2.8 2.6 pe | 3.1 0.7 
1.6 0 0.3 5.8 0.1 
13 6 0.1 10 8 
51 44 17 73 74 
22 60 39 15 23 
30 29 3 21 2 
24 0.6 0.3 9 14 
58 11 12 25 0 
3,766t 3,790 3,391 1,510 2,291 


* An additional 9 per cent excreted <40 ug/6 hr, and 39 per cent <60 ug/6 hr. 


+ Range for areas 405 to 4,867. 
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Turkey) low dietary intake was accompanied 
by low urinary excretion of riboflavin and a 
high incidence of angular lesions. 

In both the Philippines and Libya, it was 
surprising in view of the dietary intake data 
that the incidence of clinical indicator lesions 
of ariboflavinosis was very low. In reviewing 
the data, however, other factors must be con- 
sidered, for in both countries the dietary intake 
of thiamine was about 30 to 50 per cent of that 
in the other four countries surveyed. If data 
from experimental animals can be applied to 
man, the observed urinary excretion of ribo- 
flavin may have been disproportionately high, 
inasmuch as it has been shown that chronic 
thiamine deficiency in rats tends to increase 
excretion of riboflavin. Regardless of the 
physiologic result or adaptation, the riboflavin 
intake must be considered deficient according 
to present-day knowledge. 

Thiamine: Two of the countries surveyed 
(Korea and the Philippines) are primarily 
rice-eating populations. The observations 
shown in Table I indicate a marked difference 
in the thiamine nutriture of the population 
groups studied in these two countries. 

In the Philippines highly polished rice, which 
greatly lowers the dietary thiamine intake, is 
used. Although there is provision for rice en- 
richment in the Philippines, only a small part 
of the rice purchased by the armed forces is 
enriched. In one area where enriched rice 
was used, the average dietary intake of thi- 
amine was about 0.3 mg greater than in areas 
where unenriched rice was used, and the per- 
centage of troops excreting low levels of thi- 
amine was greatly reduced (from 29.5 per cent 
to 7.9 per cent). In Korea, the armed forces 
use only undermilled government rice, with a 
thiamine content of about 0.25 mg per 100 
grams. However, most rice for civilian con- 
sumption is polished, with a thiamine content 
of only 0.18 mg per 100 grams. 

Vitamin C: In general, the vitamin C status 
of the personnel examined varied greatly within 
the countries surveyed. In one area of Turkey, 
40 per cent of the troops had blood serum 
vitamin C levels of less than 0.1 mg, in another 
area, only 2 per cent of the troops had cor- 
respondingly low levels. In four of the coun- 
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tries, a large percentage of those examined had 
low levels of serum vitamin C and dietary in- 
takes were as low as 15 mg per man per day, 
although no cases of overt scurvy were noted. 
In some areas, however, the high incidence of 
scorbutic-type gums left little doubt that lack 
of vitamin C is a serious problem. 

Vitamin A: There was a great variation in 
vitamin A intake within each country. In 
Iran the average intake was about 3,700 i. u., 
but with a range of from 400 to 5,000 i. u. per 
man per day. It is realized that dietary intake 
figures based on a relatively short period do 
not truly represent the vitamin A nutritional 
status of the individual, because vitamin A can 
be stored in the body for considerable periods 
of time. In most of these countries there are 
periods of fairly abundant supplies of vitamin 
A from leafy vegetables, followed by periods 
of short supply in the nonvegetable growing 
season. 


ACCOMPLISHMENTS 


It has been highly encouraging to note that 
following completion of the initial survey the 
countries have continued to carry out nutrition 
studies and have formulated and implemented 
practical recommendations that their own re- 
sources will enable them to carry out not just 
as an interim, but as a basic program. Eval- 
uation of improvement in the nutrition and 
health of a population is difficult. It usually 
is not of the dramatic type where the value can 
be determined immediately. Final evaluation 
of a nutrition program can only be made by 
measuring progress over the ensuing years, 
noting the general improvement in the health 
and vitality of the people and in the over-all 
productivity. 


Korea 


One of the first opportunities to evalu- 
ate the benefit derived from a nutrition sur- 
vey came in 1956 when President Syngman 
Rhee invited the ICNND to conduct a resurvey 
of the armed forces of the Republic of Korea. 
The initial survey had been conducted in 1953 
under the auspices of the U.S. Army, Office of 
the Surgeon General, by a team headed by Dr. 
Harold R. Sandstead. 
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The dramatic improvement in the nutritional 
status of the Korean soldier as noted on re- 
survey is illustrated by some typical data given 
in Table II. Theinductee of 1956 was virtually 
indistinguishable from the inductee of 1953, 
with the exception of a better vitamin C 
nutriture. However, there was a vast im- 
provement in the nutritional status of the 
recruits after 16 weeks of training. It also 
was noted in 1956 that the longer the individual 
remained in service, the better his nutritional 
status became. These improvements were 
due, in considerable part, to the.efforts of the 
Republic of Korea and the United States ad- 
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Iran and Pakistan 
The accomplishments of the nutrition teams 
to Iran and Pakistan in January to April 1956 


have borne results far beyond expectations. 


Both governments, as expressed through their 
departments of defense, are extremely grateful 
for the nutrition studies and the assistance of 
our Military Assistance Advisory Groups. 
Nutrition services have been established and 
are carrying out the recommendations of the 
teams to improve the nutritional status of their 
troops. Since the departure of the United 
States nutrition survey team, the Iranian 
team has conducted a thorough appraisal of the 


TABLE II 


Improvement in Nutritional Status of Korean Recruits in 1956 as Compared with 1953. All Figures Given Repre- 
sent Percentages of Total Number of Armed Forces Personnel Examined 


1953 1956 
After After 
Raw 16 weeks’ Raw 16 weeks’ 
recruits training recruits training 
Caloric status 
Below 90 per cent standard weight 27.0 46.0 29.0 26.0 
90-110 per cent standard weight 72.0 53.0 71.0 67.0 
Protein 
Leg edema 0.2 6.0 _ —_ 
Serum protein <6 grams — 11.0 _ _— 
Thiamine 
Calf tenderness 4.0 4.0 
Vitamin C 
Scorbutic gums 21.0 46.0 _— 0.6 
Serum vitamin C <0.2 mg/100 ml 60.0 100.0 3.0 _— 
Vitamin A 
Follicular keratosis 3.0 13.0 5.0 4.0 
Serum vitamin A <20 ug/100 ml 17.0 


visory personnel to carry out recommendations 
made following the 1953 survey. 

As a result of the 1956 survey, it was de- 
cided that the refined wheat flour now pro- 
vided by the United States will be enriched 
with 3.0 mg instead of 1.2 mg of riboflavin per 
pound. At the present rate of flour consump- 
tion in Korea, this will provide an increase of 
about 0.25 mg of riboflavin per man per day, at 
an additional cost of less than $500 per 100,000 
men per year. 

An example of Korean ingenuity in develop- 
ing a practical mess gear adapted to their type 
of foods is shown in Figure 4. 


troops located in the Khash area, and additional 
surveys are under way. Iran also has rehabil- 
itated a meat and vegetable canning factory 
and has plans under way for a second food 
cannery. This has made possible the develop- 
ment and production of a canned, stew-type 
field ration. 

A quotation from the Health Director, 
United States Operations Mission, Pakistan, in 
the March 1956 issue of the /nternational Co- 
operation Administration Health Advisor, is 
noteworthy: 


The entire program has benefited from the presence 
of an outstanding team of nutritionists furnished by 
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Fig. 4. New mess gear developed by the Koreans for their army. 


the U. S. Interdepartmental Committee on Nutrition 
for National Defense. As a superbly organized action 
team doing large-scale survey work with the Pakistan 
Armed Forces in several parts of the country, they have 


been able to reawaken interest in nutrition problems — 


at all levels. By devoting long hours to intensive 
laboratory work and arranging discussions with key 
civilian and military officials in government, they have 
discovered several well-qualified Pakistani biochemists 
and laboratory workers, some of whom eventually may 
form the nucleus for an effective national nutrition 
program. 

International Nutrition Committee: As a 
result of contacts made by the United States 
nutrition survey teams in Iran and Pakistan, 
the Iranian government invited members of 
the Baghdad Pact to a general nutrition con- 
ference in Tehran in November 1956. The 
conference was attended by representatives of 
the Armed Forces of Iraq, Pakistan, Turkey, 
the United Kingdom, and the United States. 
The delegates passed a resolution recommend- 
ing that an Internation Committee on Nutri- 
tion be organized on a permanent basis, with 
meetings to be held annually to discuss mutual 
nutrition problems. They requested the IC- 
NND to serve as the secretariat for the first 
year of operation. 

The United States Government, through the 
Departments of State and Defense, has author- 
ized United States participation in the Inter- 
national Committee, and the governments of 
Iran, Pakistan, and Turkey have officially ap- 
proved its formation. Plans recently were 


completed to hold the second meeting of the 
Committee in Turkey on April 7-9, 1958. 

The hospitality of the Iranians, their sincere 
friendship, and the active participation of all 
delegates at the conference left a very favorable 
and lasting impression. This opportunity for 
discussing mutual nutrition problems, ex- 
changing ideas, and learning of new technics 
set a precedent for later meetings of this type. 


Turkey 


Although the nutrition survey was completed 
only a few months ago, it already is evident 
that the Turkish team members were of a high 
professional caliber and exceedingly well trained 
to continue an active and progressive nutrition 
program in Turkey. Within a few weeks 
after the United States team members had 
departed, the Turkish nutrition team con- 
ducted an additional survey of another area. 
They forwarded to the Committee detailed 
findings covering the clinical examinations, 
laboratory findings, and dietary and ration 
studies. Their reports show that their team 
is highly competent, not only in assessing the 
nutritional status, but also in formulating 
practical recommendations for improvement. 

The preliminary report of the joint nutrition 
survey was reviewed with the Turkish survey 
team in October 1957. They had arrived at 
conclusions and recommendations similar to 
those of the United States team, and were 
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actively investigating procedures and means for 
enriching wheat flour with riboflavin and in- 
creasing the fortification of margarine with 
vitamin A from the usual 400 to 500 i. u. 
per 100 grams to 8,000 i. u., with establish- 
ment of Government specifications and controls 
to ensure such a level. 

The laboratory equipment and _ supplies 
furnished by the United States are being used 
not only in support of nutrition surveys but also 
in furthering basic research on the effect of 
nutrition in reference to diseases and parasitic 
infestations. A comprehensive study is under 
way of the vitamin content of some of the 
principal foods, especially as concerns vitamin 
A, vitamin C, and riboflavin. The possibility 
of using locally prepared rose cake as a source 
of vitamin C is under study. (This is a prod- 
uct made from rosebuds that was used exten- 
sively by the German submarine forces in 
World War II.) 


Republic of China (Taiwan) 


A report on ‘“‘Rice Enrichment in Taiwan” 
was prepared by the ICNND and distributed 
to interested agencies, to implement the major 
recommendations for rice enrichment! that 
were made as a result of the nutrition survey of 
the armed forces of the Republic of China, 
conducted by the Office of the Surgeon General, 
U.S. Army, in the fall of 1954. This involved 
the establishment of two _ rice-enrichment, 
(Premix) plants in Taiwan. These plants 
were purchased recently and will be in oper- 
ation in the summer of 1958. 

In this method of enrichment, 1 part of rice 
Premix, which contains supplemental thiamine, 
riboflavin, niacin, and iron, is added to 199 
parts of rice at the local mills, where feeders 
meter the Premix into the stream of polished 
rice. The additional cost of rice enriched by 
this method is less than one tenth of a cent per 
man per day. 

As an interim method, the Committee sug- 
gested and assisted in planning a test in Taiwan 
of a new means of rice enrichment, using an 
enrichment wafer that is added to the rice 
during cooking. Since the method of cooking 
rice in Taiwan does not involve the use of 
excess water, the loss of soluble nutrients is 
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negligible. Also, the recipe and equipment for 
preparing rice are uniform; about 20 kg of 
rice are prepared in one pot. Each wafer 
contains 40 mg of thiamine, 120 mg of ribo- 
flavin, 600 mg of niacin, and 400 mg of iron, 
which enriches the rice at a level similar to that 
to be attained by the Premix procedure. The 
cost of the wafer method is approximately 
$0.22 per man per year. A test completed in 
December, 1955 indicated that the wafer 
method of enriching rice was practical in 
Taiwan, and to avoid delay in improving the 
nutrition, this method was implemented in 
1956. 

Use of enrichment wafers has the disad- 
vantage of requiring close supervision, stringent 
control, and cooperation by the mess personnel 
in the proper issue and utilization of wafers. 
Enrichment of rice is accomplished in thousands 
of mess halls, whereas with the Premix method 
control points number only about 100. Also 
the wafer method is particularly suited for use 
only under normal messing conditions where 
standard batch quantities of rice are prepared. 


Good Will Engendered 


Along with surveys that amalgamate scien- 
tific effort in numerous countries for the bet- 
terment of health and welfare, many intangible 
benefits accrue, although the mental and 
political responses as concerns good will, friend- 
ship, and better understanding are much more 
difficult than the physical benefits to evaluate. 
The creation of good will and understanding 
has not been one-sided. Returning United 
States nutrition survey team members are 
doing ‘‘double duty.’”’ They are serving as 
individual ambassadors for the countries 
visited. Friendships have been created of much 
longer duration than just the three-month tour. 
A part of what has been accomplished can be 
measured by the continued flow of correspond- 
ence, exchanging scientific information, re- 
questing technical advice on specific problems, 
and reporting progress. 


COMMENTS 


Opportunity for Learning 


Nutrition surveys in the developing countries 
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afford an opportunity for experience and train- 
ing personnel not only of the host country but 
also of the United States team in a wide variety 
of nutritional disease patterns. Concurrent 
with present-day interest in the relationship of 
diet to heart disease, dental caries, cancer, 
and other conditions, the surveys present an 
excellent opportunity for further study of these 
problems. The program of the Committee 
anticipates conducting three nutrition surveys 
per year, with a continued follow-up in coun- 
tries previously surveyed. 


Need for Nutrition Research 


The need for a more definitive, practical, lab- 
oratory method to assess riboflavin nutriture, 
especially in populations that are subsisting on 
suboptimal or borderline intake of thiamine, has 
been mentioned. The possible relation of low 
vitamin A intake to the incidence and severity 
of trachoma is of special interest in many areas 
of the world. A problem of considerable con- 
cern in the Near East is the high incidence of 
kidney stones. Is this of nutritional origin? 
Is the high incidence of parotid enlargement 
noted by Sandstead, Koehn, and Sessions? in 
Korea in 1953 of nutritional origin? This 
appears likely, since the incidence noted in the 
1956 survey was markedly reduced. 

In Libya a special nutrition condition was 
noted. The dietary intake of calories, ribo- 
flavin, thiamine, vitamin C, and vitamin A 
was at levels one would classify as suboptimal 
to deficient. There also was a high incidence 
of troops with low serum vitamin C and low 
levels of urinary excretion of thiamine and N!- 
methylnicotinamide. However, the classic 
signs of active nutrition deficiency were present 
in only a relatively small fraction of the men 
examined. Based solely upon the physical 
findings, one would be obliged to interpret the 
data as indicating that no serious nutrition 
problems existed, but when the biochemical 
findings are considered together with the 
dietary intake studies it becomes apparent that 
nutrition problems do exist. These findings 
offer a challenge to nutrition researchers and 
emphasize the need’ for study in the field of 
suboptimal intakes of multiple nutrients and 
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physiologic adaptation as related to health, 
work output, and resistance to disease. 


Reports Prepared by the Committee 


The following reports on individual nutrition sur- 
veys and suggestions for corrective action have been 
prepared by the Committee, and a limited number of 
copies are available on request from the Executive 
Director, Interdepartmental Committee on Nutrition 
for National Defense, National Institutes of Health, 
Bethesda 14, Md. 


(1) Report on Mission to Near East, April 1955, by 
Dr. Frank B. Berry and Dr. Harold R. Sandstead. 

(2) Trip to the Middle (Near) East, November 1956, 
by Dr. Frank B. Berry and Dr. A. E. Schaefer. 

(3) Rice Enrichment in Taiwan, June 1955. 


(4) Iran: Nutrition Survey of the Armed Forces, 
August 1956. 
(5) Pakistan: Nutrition Survey of the Armed 


Forces, September 1956. 

(6) Iran: Nutrition Survey of the Armed Forces. 
Supplement No. 1—The Khash Survey, December 
1956. 

(7) Korea: Nutrition Survey of the Armed Forces, 
April 1957. 

(8) Philippines: Nutrition Survey of the Armed 
Forces, November 1957. 

(9) Turkey: Nutrition Survey of the Armed Forces, 
December 1957. 

(10) Libya: Nutrition Survey of the Armed Forces 
and Civilians, December 1957. 


SUMMARY 


The Interdepartmental Committee on Nu- 
trition for National Defense was established 
early in 1955 by the Departments of Defense; 
State; Argiculture; and Health, Education, 
and Welfare, plus the International Coopera- 
tion Administration and (later) the Atomic 
Energy Commission. Its purpose was to deal 
with nutrition problems of technical, military, 
and economic importance in certain foreign 
countries. Nutrition surveys have been made 
in Iran, Pakistan, the Philippines, Turkey, 
Korea, and Libya, on request from the govern- 
ments of these six countries. Some 12 Ameri- 
can educational institutions have released key 
personnel for the survey teams. The de- 
ficiencies most commonly noted were of ribo- 
flavin, thiamine, and vitamins A and C; to 
some extent, of protein and total calories. 
Notabie improvements in nutrition of armed 
forces personnel are being brought about by 
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host countries through actions based on recom- Studies on nutrition in the Far East. Metabolism 


mendations made as a result of the surveys. 5: 203, 1956. 
2. SANDSTEAD, H. R., Koen, C. J., and SEssIons, 


REFERENCES S. M.: Enlargement of parotid gland in mal- 
nutrition. Am. J. Cun. Nutrition 3: 198, 
1. Potvack, H. (editor): Symposium on nutrition: 1955. 


The Geography of Alcoholism 


.“‘Alcoholism is not a problem shared equally by mankind. It is the curse of the 
richest communities and of the poorest who would use it as a solace. It is no re- 
specter of race or culture, and it is sometimes difficult to see by what the habit is 
induced and fostered. It is a problem said to be comparatively slight in Oriental 
races. It is a problem of appalling size in the United States of America. In France 
the position yearly grows worse, and drastic government controls are contemplated. 
In Sweden liquor rationing was recently abandoned with no grave signs that the 
excesses of past years will recur. In Britain the law is relatively lax, and the prob- 
lem is comparatively small and is said to be decreasing.” 

—Med. J. Australia 1: 977, 1956. 


The Effects of a Late-Night Caloric 


Supplement Upon Body Weight and 
Food Intake in Man 


JEFFREY H. FRYER, M.B., B.S. (LONDON) * 


gb Basic problem which underlies active 
obesity, when excess adipose tissue is 
being accumulated, is a failure of the organism 
to maintain equilibrium between energy in- 
take, in the form of food, and total energy out- 
put. Both the taking in of energy and much of 
its expenditure are under voluntary control and 
the maintenance of a balance between these 
levels would seem at first sight to be a matter 
of chance. There is good evidence in the ex- 
perimental animal, however, for the existence 
of one or more homeostatic mechanisms which, 
with varying degrees of efficiency, tend to regu- 
late food intake in accordance with total energy 
expenditure and hence, in the adult animal, to 
maintain a more or less constant body —— 
under standard circumstances. 

Gasnier and Mayer! studied the effects of this 
regulation in rabbits, showing that if they in- 
creased the animals’ energy expenditure to 
maintain body heat, by shaving off their hair 
and exposing them to varying environmental 
temperatures, the food intake would be cor- 
respondingly increased. Without considering 
any particular mechanism which might be in- 
volved, these workers were able to determine 
some of the general characteristics of the regu- 
lation with regard to such parameters as pre- 
cision, sensitivity, and reliability. Kennedy? 
has made similar studies on normal rats and 
upon rats made hyperphagic by the destruction 
of selected areas of the hypothalamus, demon- 
strating the immediate and delayed effects of 
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hot and cold environments and also the re- 
sponse to an entirely natural circumstance in- 
creasing the energy output, lactation. Adolph,’ 
working with rats, showed by the dilution of 
food with non-nutrient materials that, within 
limits, the animals ate for calories. Following 
periods of deprivation of food, body weight was 
slowly restored with the consumption of small 
excesses. Compensation for the caloric deficit 
was, however, largely achieved by a reduction 
in energy expenditure. This investigator also 
demonstrated the interaction of food and water 
balance underlining the over-all complexity of 
the regulatory mechanisms involved. 

In experiments of a different nature, Jano- 
witz and Grossman‘ and Share and co-workers® 
have studied the effects of feeding dogs with 
gastrostomies under various conditions, demon- 
strating that the introduction of more than 33 
per cent of the normal caloric intake through 
the gastric fistula would depress oral intake to 
provide at least partial compensation for the 
intragastric calories. They concluded that 
total food intake was regulated in part by oral 
and gastric factors, including gastric distention, 
but that a systemic factor, reflecting caloric 
deficit or surplus, was also effective in accom- 
plishing at least a coarse regulation of energy 
balance. 

The only direct studies of a similar nature 
known to have been made in man were those 
of Hollander e¢ al. using a young male patient 
with esophageal obstruction and a surgical 
jejunostomy. Within limits their findings con- 
firmed the relationship between metabolic 
needs and caloric intake, although the so-called 
oral component of appetite ultimately became 
so dominant that no valid conclusions could be 
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subjects. However, levels of energy expendi- 
ture may vary considerably in the human, e.g., 
in hot or cold climates or in daily occupations 
demanding more or less physical activity, and 
the general experience would indicate that 
caloric intake is frequently rather efficiently 
matched to requirements. The constancy of 
body weight in any specific population groups 
does not seem to have been documented: how- 
ever, one has the impression that many in- 
dividuals maintain a relatively constant weight, 
over long periods of time, without any conscious 
regulation of either food intake or energy ex- 
penditure. Conversely, however, any such 
regulatory mechanism in man must be po- 
tentially frail for, unlike most mammals of a 
lower order, obesity is commonly his problem. 
This paper reports an experiment designed 
to test for a mechanism regulating food intake 
in man by a means not basically dissimilar from 
the dog experiments of Janowitz, Grossman, 
and co-workers (/oc. cit.) It was carried out 
using college students who were actively fol- 
lowing their daily routine during the project 
and this imposed certain limitations of time 
and method which were distinctly disadvan- 
tageous, e.g., food intake had to be estimated 
rather than measured objectively. However 
it is felt that the results demonstrate certain 
facts of potential importance with regard to the 
regulation of energy equilibrium in man. 


PLAN OF PROCEDURE 


Subjects 


Subjects were 12 healthy male college stu- 
dents in the age range 18 to 25. These were 
selected from an initial group of 19 volunteers, 
all of whom were within normal weight limits as 
determined by the Standard Tables of the 
Metropolitan Life Insurance Company. Cri- 
teria of selection of the larger group also in- 
cluded a history of relative weight stability, a 
relatively constant level of voluntary energy 
output, e.g., in athletics, and a regular routine 
pattern of meal-taking. The weight fluctua- 
tions of the larger group were then observed by 
weighing under standard circumstances at 
weekly intervals for five weeks and a final 
group was selected at the end of this period on 
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the basis of relative weight stability. The 
maximal weight fluctuation in any individual 
subject used in the study was 4.5 lb during the 
five-week observation period and the group 
mean maximal fluctuation was 2.4 lb. 


Experimental Periods 


The experimental period may be regarded as 
falling into three phases. The first phase was a 
period of observation of weight fluctuation on 
normal ad libitum diets lasting for six weeks 
(weeks 1 through 6). During the following 
three weeks (weeks 7 through 9) the subjects 
were given a ‘‘placebo’’ night supplement in 
the form of a noncaloric drink which was taken 
between 10 and 11 p.m. each night. Weeks 10 
and 11 coincided with a university recess and 
subjects remained on an ad libitum regime 
without supplementation. The third and final 
phase started two weeks after the end of the 
second phase and lasted for eight weeks (weeks 
12 through 19). During this period the sub- 
jects drank a 1,000-cal liquid supplement each 
night between 10 and 11 p.m. The constitu- 
tion of the 1,000-cal and placebo supplements 
is given in Table I. 


TABLE I 
Constitution of Placebo and Caloric Supplements 


a. Placebo supplement 


10.0g 


b. 1,000-calorie supplement 


Pro. 
Cal CHO tein Fat 
g g g 
1 pint chocolate milk 449 54 17 19 
75 g sucrose 289 75 — — 
23 g calcium caseinate 85 —_ 20 —_ 
20 g corn oil 177 —_— —_ 20 


Total constituents 
Approximate % as 
calories 100 50 15 35 


The basis of the 1,000-cal supplement was a 
pint of chocolate milk to which sucrose, casein, 
and corn oil were added to provide a ratio of 
50 per cent carbohydrate, 15 per cent protein, 


Vanillin solution..................5 ml : 


358 THE AMERICAN JOURNAL OF CLINICAL NUTRITION 


and 35 per cent fat calories. This was made 
up in bulk, passed through a homogenizer to 
prevent separation of the fat component, and 
stored in individual milk cartons containing 
exactly the volume required to provide 1,000 
cal. The placebo mix was compounded of a 
gum base in water, with a small amount of 
barium sulfate added to lend “‘substance’’ and 
with artificial sweetening and flavor in the form 
of Sucaryl (Abbott) and vanillin. This was 
not intended to resemble the 1,000-cal mix as 
such, but to present to the uninitiated an arti- 
ficial drink of totally undeterminable caloric 
content, hence, acting as a control to detect any 
effects due to the taking of a liquid supplement, 
per se, without regard to its caloric value. No 
information pertaining to either of the mixes 
was divulged to the experimental subjects at 
any time. 

The subjects were told before the start of the 
experiment that they might experience a weight 
change in either direction, or that their weight 
might remain constant, but that in no circum- 
stances were they to make voluntary efforts to 
reverse any trend but were to allow their food 
intake to be regulated only by the normal dic- 
tates of ‘‘appetite.”” Since no subjects had 
ever been obese, they were not expected to be 
unduly sensitive to the gain in weight which was 
actually anticipated. 


Recorded Data 


Weights were recorded at exact weekly in- 
tervals throughout all phases, being measured 
on the same scale to the nearest quarter pound 
without top clothes or shoes. 

One-week dietary records were kept by the 
subjects during the second of the three weeks 
when the placebo supplement was being taken 
(week 8) and the first and seventh weeks of the 
supplemented period (weeks 12 and 18). Prior 
to these periods the subjects were given in- 
struction and a demonstration to aid their 
estimation of quantities of foods commonly 
served. A record was also kept of periods of 
exertion, e.g., in sporting pursuits, over and 
above the routine daily round. 

During weeks 8, 12, and 18 fasting blood 
sugar levels were determined on one day for all 
subjects and standard glucose tolerance tests 
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were carried out on three subjects. Blood sugar 
was determined in venous and capillary blood 
by a modified Folin-Malmros method. Addi- 
tional barium sulfate was added to the placebo 
or supplement mixes of all subjects on one 
evening of each of these three weeks and x-rays 
of the abdomen were taken at 7:30 to 8:00 a.m. 
the next morning to demonstrate the approxi- 
mate extent of passage of the supplement 
through the intestinal tract. 


RESULTS 
Changes in Group Mean Weight 


The observed changes in group mean weights 
throughout all phases are shown in Figure 1. 
The mean weight at the start of the caloric 
supplemented phase has been plotted as an ar- 
bitrary zero and other changes recorded as dif- 
ferences from this level. Additional curves are 
plotted showing the reactions to supplementa- 
tion of two subgroups which are further dis- 
cussed later in this paper. 

The group exhibited a relatively stable nai 
during the initial phase of observation, lasting 
for six weeks, a mean gain of slightly more than 
1 Ib occurring in the last two weeks of this 
period. The subjects were, of course, selected 
with this stability as a main criterion. During 
weeks 7 through 9, when the placebo supple- 
ment was being taken, the mean weight in- 
creased by less than half a pound, so that, as 
would be expected, the ingestion of a “blank” 
mix amounting essentially to a pint of water did 
not affect the normal maintenance of weight 
stability previously demonstrated. 

The introduction of a nightly supplement 
equivalent to 1,000 cal produced a substantial 
change in the weight curve as seen during the 
final eight weeks of the project. The group 
mean weight gain during the first week of this 
phase was 2.1 lb and in the second week 1.17 Ib. 
A mean weekly gain of about 0.75 lb was then 
maintained over the three subsequent weeks. 
During the sixth week of this phase (week 17 of 
the whole experiment) a slight mean weight 
loss was recorded which coincided with, and is 
no doubt explained by, a long social week-end 
at the University, during which meals were 
eaten at irregular intervals and were not infre- 
quently missed altogether. However during 
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the subsequent week the mean weight gain was 
1.23 Ib, thereby ‘‘compensating”’ for the dip at 
week 17, and, with the final mean gain of 0.68 Ib 
in the last week of the experiment, producing 
a rather smooth curve representing a gradual 
reduction in the weekly weight increment with 
the passage of time. The group mean weight 
gain during the supplemented period as a whole 
was 0.86 lb a week, compared with 0.11 Ib a 
week during the 11 weeks when weights were 
observed but no supplement was given. This 
difference is statistically highly significant. 

Analysis of variance showed that weight 
variation among subjects was the largest single 
component in both unsupplemented and sup- 
plemented phases and this was of approxi- 
mately the same proportions in both phases. 
This, of course, reflects the fact that the sub- 
jects were of varying body weights irrespective 
of the experiment. During the supplemented 
phase the “‘within subjects’ variation showed 
highly significant components attributable to 
linear regression and quadratic regression 
which are apparent in the mean curve shown in 
Figure 1. 


Dietary Intakes During Weeks 8, 12, and 18 


The mean caloric intakes of the experimental 
group during the second week of the phase of 


Time in Weeks 


Changes in group mean weight during periods of control observation, 
placebo, and caloric supplementation. 


10 12 14 16 18 


placebo supplementation (week 8) and the first 
and seventh weeks of 1,000-cal supplementation 
(weeks 12 and 18) were calculated from one 
week dietary records, using standard tables of 
food composition. Results are shown in Table 
Il. 

This shows a fall in the daily caloric intake 
(excepting the supplement) of 509 cal during the 
first week of supplementation and 467 cal during 
the seventh week. When analyzed by in- 
dividual meals, however, there is a slightly dif- 
ferent pattern between these two weeks in that 
the largest reduction in calories seems to have 
occurred at supper during the first week of 
supplementation, while breakfast was more 
affected during the seventh week. The most 
important comparison, however, is that be- 
tween the net reduction in calories noted, ap- 
proximately 500 daily, and the supplement 
given, which was 1,000 cal. From these figures 
it seems that whatever regulatory mechanism 
may be involved in maintaining a constancy of 
caloric intake (in circumstances of relatively 
constant energy output), this was approxi- 
mately 50 per cent efficient for the group as a 
whole under the conditions of this experiment 
and its efficiency did not change in the two 
weeks observed over a seven-week interval. 
Table III shows an analysis of the changes in 
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Changes in Food Intake at Regular Meals Ascribable to Late Night Caloric Supplementation 
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TABLE II 
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Meal 


Pp 
supplement 
mean 
intake 
cal/day 


Week 12 


1,000-cal supplement 


first week 


Week 18 


seventh week 


1,000-cal supplement 


Mean 
intake 
cal/day* 


Changes from 


Cal 


Mean 
intake 
cal/day* 


Changes from 
week 8 


cal 


% 


Breakfast 
Lunch 
Supper 


Late night snacks 


Other snacks 
Total 


609 
913 
912 
110 
77 
2,621 


—67 
—100 


—89 
+4 


—509 


—202 
— 16 


—95 
+87 


—30 


=i3 
—48 


* Excluding supplement. 


the weekly caloric intake of the subjects, 
grouped by the extent of the change, and data 
on the weight changes which occurred simul- 
taneously. One subject apparently ate more 
during both the first and seventh weeks of 
actual supplementation than when receiving 
the placebo supplement and he gaihed an 
average of 4.25 lb each week. Threé subjects 
did not essentially change their intake at regu- 
lar meals during the first week of supplerhenta- 
tion and the simultaneous mean weight gain 
was 3.83 Ib/week. The comparable mean 
weight gain for the four subjects who decreased 
their intake by 1,000—-3,000 cal is substantially 
less than would be expected, this being the only 
figure which does not fall in the sequence of 
steadily decreasing weight increments with de- 
creasing caloric intake, if the figures for both 
weeks be combined. With this exception, the 
more efficiently the subjects ‘‘compensated” 
for the late-night supplement, by reducing 
their calories at other meals, the less weight 


they gained as a result of the supplementation. 
However, pooling the total experience of 24 sub- 
jects/weeks, almost 80 per cerit of the subjects 
showed a decrease of more than 1,000 cal a week 
and 63 per cent of the subjects had a decrease 
of more than 3,000 cal a week. During only 
three sub’ect weeks was there complete com- 
pensation, i.e., a reduction of intake at regular 
meals by the amount of the supplement, 7,000 
cal/week. 


Other Observations 


Fasting blood sugar levels were determined 
on separate samples of capillary and venous 
blood from all subjects on one occasion during 
each of weeks 8, 12, and 18. Mean capillary 
levels were 92.0, 93.4, and 93.8 mg/100 ml, re- 
spectively, and comparable venous levels 90.25 
90.0 ml, and 89.8 mg/100 ml. Differences are 
within one standard deviation in all cases and 
it is clear that no significant change in these 
levels, or in the capillary-venous (or arterio- 


TABLE III 
Correlation Between Change in Weekly Caloric Intake and Weight Gain (Weeks 12 and 18) 


Mean average increase 


Number of subjects lb/wéek 


Changes in weekly caloric 
intake (excepting supplement) 


Week Weeks 
12 and 18 


Decrease more than 7,000 cal 
Decrease 5,000-7,0C0 cal 
Decrease 3,000—5,000 cal 
Decrease 1,000-3,000 cal 
Unchanged within 1,000 cal 
Increase more than 1,000 cal 
Total 


0.42 
0.69 
1.66 
0.75 
3.83 
4.25 
1.67 
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— 
_ 
|| % | 
676 | —10 474 
1,013 —10 907 —10 
1,169 —257 —23 1,018 —151 a 
199 —45 104 
3,130 | —16 2,663 —467 —15 
7 
Week Week % of f° 
12 18 total 12 
2 1 13 0.00 T.25 
2 2 17 1.00 0.38 
4 4 33 2.62 0.69 
0 4 17 ae 0.75 
3 0 13 3.83 oo 
1 1 8 2.00 6.50 
12 12 101 2. 17 1.19 


process of caloric supplementation. 

Glucose tolerance tests on three subjects, 
carried out at similar times to the fasting blood 
sugar determinations, showed lower capillary 
and venous reponses to a standard glucose load 
during the supplemented period. Such a result 
could be attributed to an increase in over-all 
carbohydrate intake. However the A-glucose 
levels were essentially unchanged in the first 
one and a half hours and subsequently were 
maintained at a higher level during the unsup- 
plemented regime. 

X-rays of the abdomen taken some nine 
hours after the ingestion of placebo and 1,000- 
cal supplements, with added barium sulfate, 
showed that during either regime, none of the 
mix remained in the stomach after this period 
of time, and the majority of the barium itself 
was in the lower small bowel and the large 
bowel. 

Recorded activity levels showed no changes 
likely to be significant in any of the subjects 
throughout the project. 


DISCUSSION 


The simple observation of weight trends 
under the circumstances of the experiment here 
described permits two basic conclusions. First, 
that the addition to the regimen of the experi- 
mental group of a 1,000-cal drink taken be- 
tween 10 and 11 p.m. each night, produced an 
increase in the group mean body weight, as it 
would be expected todo. This is of statistically 
significant dimensions and may be ascribed to 
the additional calories per se, since it did not 
occur with a noncaloric placebo supplement. 
Second, as can be seen in Figure 1, the rate of 
weight gain produced in this way was not con- 
stant but, rather, could be represented by a 
curve tending to return toward the horizontal, 
indicating a progressive but irregular reduction 
in the weekly weight increment produced by 
the diet supplementation. Since the conditions 
of the experiment allow the assumption that 
the energy expenditure of the subjects re- 
mained more or less constant throughout, the 
changing weight increment may be ascribed to 
one or both of two main factors, a changing net 
caloric intake or changes in the nature and 
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caloric value of the ‘‘excess’” tissue laid down. 
Examination of the data on dietary intake 
enables some conclusions to be drawn about 
these two possible mechanisms. 

The daily dietary intake during weeks 12 and 
18, the first and seventh weeks of supplementa- 
tion, was reduced by 509 and 467 cal, respec- 
tively, when compared to week 8, when the 
placebo or noncaloric supplement was being 
taken (See Table II). Since the caloric value 
of the supplement was 1,000 cal a day, the net 
increment attained by adding this fourth 
‘“‘meal’”’ to the regime was between 491 and 533 
caladay. The difference between these figures 
cannot be taken as significant, representing less 
than 2 per cent of the daily intake. In contrast 
to the relatively constant level of dietary intake 
noted, however, the comparable mean weight 
increments for weeks 12 and 18 were 2.17 and 
1.19 lb, respectively, these figures being cor- 
rected for the slight change in group weight 
during week 8, when the control observations 
were made. From these figures the caloric 
value of the tissue gained during the first week 
of supplementation is 3.4 cal/g and during the 
seventh week 6.9 cal/g. It is thus clear that 
more fluid was being retained during the first 
week than during the seventh. This finding is 
in general agreement with the work of Dole 
and others’ who reported the caloric value of 
tissue gained and lost by obese women in al- 
ternating four-day cycles to be about 2.5 
cal/g. This they contrasted with the 8 
cal/g reported by Strang and Evans® as the 
caloric value of tissue lost by obese subjects 
over periods of several weeks. The findings of 
the present project must be regarded as only 
approximate, since food intakes were estimated 
rather than measured, however the trend from 
lower to higher levels of caloric ‘‘density”’ is in 
reasonable conformity with these previous ob- 
servations. 

It is unfortunate that week 18, the seventh 
week of supplementation, was not entirely 
representative of the group trends during the 
latter part of the supplemented phase as a 
whole, since there was a ‘“‘rebound’”’ from the 
previous week when the group weight de- 
creased, probably due to the social activities of 
the subjects. During week 18, the weight gain 
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was more than double the mean gain for weeks 
16 through 19, the last four weeks of supple- 
mentation. It is conceivable therefore that the 
dietary intake recorded for this week was higher 
than it would otherwise have been. This being 
the case, compensation for the additional 
calories of the night supplement, by reduction 
of the intake at other meals, would be better at 
the seventh week of supplementation than at 
the first and this would, in part, explain the 
diminishing weight increment occurring as the 
supplemented phase progressed. As things 
stand, however, there is no evidence that such 
compensation changed in degree, having a mean 
efficiency for the group as a whole of approxi- 
mately 50 per cent in both the first and the 
seventh weeks of supplementation. The chang- 
ing weight increment noted can thus be as- 
scribed only to the steadily changing caloric 
value of accumulating ‘‘excess’’ tissue. 

Data have already been presented for groups 
of individuals showing the association be- 
tween the decrease in calories ingested, other 
than the supplement, and weight gained 
(Table III). It is of interest also to look at the 
individual results shown in Table IV. This 
shows the wide variation in the effectiveness 
with which individuals compensated for the 
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additional calories in the night supplement, an 
index of which has been derived by the ratio of 
change in weekly caloric intake (excepting the 
supplement) to the 7,000 cal in the supplement, 
expressed as percentage compensation. This 
figure varies from —37 to +149 per cent for 
individual subject/weeks, the mean being 
+49.1 per cent. A negative compensation im- 
plies that the subject ate more during the sup- 
plemented weeks observed than the unsup- 
plemented week which was used as a control. 
This is seen, in significant degree, in only sub- 
ject 1, whose relative weight gain during the 
periods in question was almost equal to the 
net weight gained throughout the whole eight 
weeks of supplementation. It seems likely 
therefore that, for this subject, these two weeks 
were quite atypical. 

For the group as a whole significant correla- 
tion between percentage compensation during 
the first and seventh weeks of supplementation 
cannot be demonstrated (r = 0.31). However, 
as implied by the summarized results of Table 
III, a correlation is seen between the net 
change in caloric intake in these weeks, and the 
simultaneous weight gain or loss (r = 0.54**). 
Furthermore, if the data for subject 1 be ex- 
cluded because of the evidence indicating a 


TABLE IV 


Changes in Food Intake, Calculated Compensation for Supplemental Calories, and 
Net Weight Gain in Individual Subjects 


Changes in intake 
(excepting supplement) 
po ca 


(1) 2) 


Net change in intake 
supplement) 
‘ week 


Total weight 


% compensation for gained in lb 


supplement* 
(3) 


(8 


Week 12 Week 18 Week 12 Week 18 


+9,600 —32 
+2,100 
+5,700 
+2,800 
+3,200 
+1,200 

+600 
+5,400 

—300 
+5,200 
+3, 500 
+5,700 
+3,725 


Swa, 


reduction in intake (cal/week)(col. 1) X 100. 
7,000 


* % compensation for supplement = 


(4) 
6.75 
4.00 
0.25 
25 
10 +900 —1,800 +7,900 26 6 
11 —300 —3,500 +6,700 50 27 
12 —8,500 —1,300 —1,500 19 70 
Mean —3,591 —3,275 +3,409 2 46.8 49.1 
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highly atypical “‘negative’’ compensation during 
the weeks in question, a statistically significant 
percentage negative correlation exists between 
the mean compensation during weeks 12 and 18 
and the total weight gained throughout the 
whole eight weeks of supplementation (r = 
—0.65*). Such findings conform, of course, to 
anticipated results, but they are presented to 
support acceptance of the dietary intake data 
for the group as a whole, in spite of the neces- 
sarily crude method used in its collection. They 
suggest also that the dietary data in the weeks 
sampled were generally typical of the project as 
a whole, with the probable exception of subject 

On an individual basis the apparent degree 
of compensation attained was not entirely in 
accordance with the weight trend as evidenced, 
for example, by subject 5, whose compensation 
was recorded as 101 per cent, but who gained 
5.5 Ib in weight. This is explicable in three 
ways, any one or more of which may be re- 
sponsible for such seeming discrepancies. The 
data on dietary intake may be in error, or may 
not be representative during the weeks sampled, 
as is suspected in the case of subject 1. In ad- 
dition, however, the caloric value of accrued 
tissue has been shown to differ considerably for 
the group between weeks 12 and 18 and there 
is no reason why it should not have differed be- 
tween individuals. Thus it is theoretically 
possible that subject 5 gained 5.5 lb of water 
only and his caloric compensation was indeed 
perfect, although one suspects this is not the 
whole explanation. 

Because of these uncertainties direct com- 
parison between individuals is not justified. 
However, it is of interest to compare the group 
of six subjects whose individual weight gain 
was less than 6 lb during the whole project 
(group L—low) with the six subjects who 
gained more than 6 lb each (group H—high), 
mean total gains for these two groups being 4.2 
and 9.3 Ib, respectively (see Fig. 1). The pat- 
terns of weight change during the unsupple- 
mented phases were essentially similar for these 
groups although the group L subjects showed 
a greater increase in observed weight during 
this control period. However, during the 
first four weeks of caloric supplementation the 
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relative weight increments were substantially 
different and the trends noted, both for in- 
dividuals and subgroups L and H, had a high 
predictive value for their ultimate degree of 
weight gain. Five of the six individuals in 
each subgroup remained consistently in their 
own half of the group as a whole, when rated 
in order of total weight gained. In the last 
four weeks of supplementation, however, the 
mean weight gained by the subgroups L and H 
was almost identical and it is apparent that the 
real differences in the reaction of subjects to 
supplementation were maximal at the start of 
the supplemented phase and subsequently 
gradually diminished. During the first week of 
supplementation (week 12) group L subjects 
gained an average of 0.96 lb each and with 91 
per cent compensation for the additional 
calories fed, the caloric value of accrued tissue 
was 1.5 cal/g. In contrast, group H subjects 
gained an average of 3.38 lb and showed only 11 
per cent compensation, accruing tissue of 
caloric value 4.05 cal/g. The implication of 
these figures is that those who compensated 
more effectively also retained more fluid in 
ratio to true adipose tissue. Since both the de- 
gree of compensation and the caloric value of 
accrued tissue are dependent upon the measure- 
ment of net food intake, this relationship may 
be spurious. However, the possibility is of in- 
terest since several workers have suggested a 
link between variations in cellular hydration 
and a satiety mechanism.’ During the 
seventh week of supplementation all differences 
between the subgroups had narrowed, the 
compensation being 55 and 39 per cent for the 
L and H groups, respectively, and the com- 
parable caloric value of tissue gained was 8.4 g 
and 6.2 cal/g. No certain significance may be 
attributed to such differences in view of the 
methods used in collecting dietary data. 

The ultimate potential importance of these 
observations is merely to underline the dif- 
ferences noted in the individual reaction to 
supplementation, particularly in regard to the 
effectiveness with which the ‘‘extra’’ calories 
were compensated by reduction in intake at 
regular meals. The supplement used in this 
experiment was approximately the equivalent 
of three ice-cream sodas, as available in every 


4 


362 THE AMERICAN JOURNAL OF CLINICAL NUTRITION 


drugstore, and seemingly subject 12 could in- 
dulge himself to this extent every night for 
eight weeks without running a great risk of 
initiating a trend toward obesity. He demon- 
strated, in fact, a high degree of obesity-re- 
sistance resulting from an efficient homeostatic 
mechanism tending to maintain energy balance. 
Subjects 3, 7, and 10 were clearly less obesity- 
resistant, but they too were selected as being 
usually of normal and relatively constant 
weight and so presumably their over-all homeo- 
stasis was good by common standards. Their 
performance must be contrasted with that of 
the obesity-prone individuals who seem all too 
common in Western populations and to whom 
any additional between-meals calories seem 
inevitably to add to their burden. Such people 
have to regard even one ice-cream soda as a 
threat to their efforts to reduce or keep weight 
down and the maintenance of energy equi- 
librium seems to be more a matter either of 
chance or of coarse voluntary control than 
of “‘automatic’’ regulation by a homeostatic 
mechanism. 

Many theories have been proposed to explain 
variations in hunger-satiety in the human, in- 
cluding mechanisms dependent upon the 
mechanical effects of food in the gastrointestinal 
tract,**-"! changes in levels of available blood 
sugar (glucostasis)!? the effects of specific dy- 
namic action (thermostasis),'* and changes in 
cellular hydration.’ Notwithstanding other 
objections, major or minor, which have been 
raised to these theories, it is of interest to ex- 
amine their possible application to the results 
of the present experiment. 

The data show that compensation for the ad- 
ditional calories given to the subjects between 
10 and 11 p.m., occurred at all three meals the 
following day (Table II). Any later effects, be- 
yond the 24-hour period, would not be de- 
tected since the supplement itself was given 
daily. The supplement was given at a late 
night hour so that at least eight hours would 
elapse before the next normal meal was taken 
and measurement of pre-breakfast blood sugar 
levels during the supplemented and unsupple- 
mented phases showed that these were not 
affected by the additional calories taken the 
preceding night. The blood sugar response to 
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ingested carbohydrates, as tested by a standard 
glucose tolerance test, was somewhat lower 
during the supplemented phase and A-glucose 
levels were slightly less well maintained than 
during the unsupplemented phase. In all 
respects these findings make it impossible to 
explain the compensation on the basis of a 
glucostatic mechanism, even for the meal im- 
mediately following the supplement. More 
delayed effects are even less explicable, under- 
lining one of the fundamental defects of this 
theory as originally postulated, namely, that 
the blood-sugar level, in any form, reflects only 
recent intake of carbohydrate and is no index 
of total energy intake. This must essentially 
be one of the variables acting upon, and poten- 
tially influenced by, any hypothetical homeo- 
static mechanism thought to play a role in 
maintaining energy equilibrium.'*: 

The x-ray studies in this experiment demon- 
strated, as would be expected, that there could 
be no possible mechanical influence of the liquid 
supplement upon food intake at normal meals 
the next day. The stomachs of the subjects 
were empty and the barium sulfate used to 
mark the progress of the mix was generally low 
in the gastrointestinal tract. Absorption of 
the nutrients in the supplement would be ex- 
pected to be complete within the approximately 
nine hours which followed the ingestion of the 
supplement and preceded the next normal 
meal. It is more difficult to assess the possible 
effects upon food intake of specific-dynamic 
action or changes in cellular hydration ascrib- 
able to the supplement. These metabolic se- 
quelae normally follow within a few hours of 
the time of ingestion of nutrients and the cycle 
is presumably largely complete, through ab- 
sorptive and post-absorptive phases, within 
the normal between-meal period of perhaps four 
or five hours. However, the effects of the 
supplement might be cumulative and thus ex- 
plain its depressant effect upon food intake 20 
hours after ingestion. Such an explanation 
would require investigation. Meanwhile it 
should be noted that convincing objections 
have been raised to the ‘thermostatic’ theory 
on other grounds.?:® 

The apparent relationship between fluid re- 
tention and effectiveness of caloric compensa- 
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tion seen in group L and group H subjects in 

the present experiment may not be valid for 
reasons which have been given. However, the 
theory that the dehydration of specific cells, 
not as yet identified, is in some way associated 
with satiety’® is seemingly contrary to the 
trend noted in the current experiment, at 
least as this applied to over-all fluid balance. 
In general, it should be noted also that more 
fluid is lost from the body during the earliest 
stages of weight reduction than later on, if the 
process is maintained, and it is during the ear- 
liest stages that the desire to eat is maximal. 
To this extent generalized relative dehydration 
is accompanied by hunger rather than anorexia. 
Specific tissues might of course be affected in a 
different manner. 

It is finally pertinent to record the few ob- 
servations on the weights of subjects which 
could be obtained after the supplemented phase 
was over, when the project as a whole had been 
discontinued. One subject had continued to 
gain weight one week after the cessation of 
supplementation. | However, four others 
showed weight losses which were substantial 
in relationship to previously noted fluctuations. 
The total experience indicated a mean weight 
loss of 2 Ib during each of the two weeks follow- 
ing the end of the supplemented phase. One 
would postulate that had it been possible to 
observe the whole group for some weeks at this 
time, the mean weight curve would have been 
an inversion of that recorded for the supple- 
mented phase, with a rapid initial fall in weight 
due to the loss of accrued tissue of relatively 
low caloric value and only partial recompensa- 
tion for the calories suddenly removed from 
the regimen. This would be followed by a 
gradual re-establishment of energy equilibrium 
at the originally stable weight level. 


SUMMARY AND CONCLUSIONS 


An experiment is reported in which 12 male 
college students, of normal and relatively con- 
stant weight, were given a 1,000-cal liquid 
supplement between 10 and 11 p.m. each night 
for eight weeks. The body weights of the sub- 
jects and their food intakes during two selected 
weeks of this period are contrasted with suit- 
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able control observations made when no caloric 
supplement was being given. 

The group mean weight showed a statistically 
significant increase as a result of the caloric 
supplementation, the pattern of weight in- 
crease showing a decreasing weekly weight in- 
crement with the passage of time. The pos- 
sible causes for this are discussed and evidence 
is presented that the caloric value of the ‘‘ex- 
cess’”’ tissue laid down was increasing, i.e., 
weight gain represented varying degrees of 
fluid retention, the proportion of true adipose 
tissue increasing as the period of supplementa- 
tion was maintained. This is in accordance 
with the findings of other workers. 

The group mean caloric intakes at regular 
meals decreased by approximately 500 cal a 
day during both the first and seventh weeks 
of supplementation. The ‘‘compensation”’ 
achieved for the 1,000-cal supplement was there- 
fore approximately 50 per cent for the group asa 
whole and no evidence was adduced that this 
changed in degree with the passage of time. 
Variation in percentage compensation between 
individual was however considerable, and a 
significant negative correlation was demon- 
strated between the effectiveness of compensa- 
tion and net weight gain over the supplemented 
period. 

The significance of these findings is discussed 
in terms of the variation in obesity resistance 
and obesity proneness which results from the 
greater or lesser efficiency of the homeostatic 
control of energy equilibrium. 

Observations of blood sugar levels and rates 
of gastric emptying made during the control 
and supplemented phases of the project showed 
that the decreased intake of food at normal 
meals attendant upon late-night caloric supple- 
mentation could not readily be attributed to a 
glucostatic mechanism of appetite control or 
to a mechanism dependent upon the mechanical 
effects of nutrients in the gastrointestinal tract 
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The Acute Reduction in Plasma Amino 


Acids by Carbohydrate Infusion in 


XERCISE, insulin, and glucose feeding share 
E a propensity to acutely reduce the plasma 
amino acid nitrogen in fasting normal animals 
and man.*:®!?.16,18,26 This has been construed 
as evidence of an intimate interrelation of in- 
creased utilization of carbohydrate with a net 
gain in the metabolism of protein.”.* The hy- 
pothesis that this acute decrease in the plasma 
amino acid pool reflects either an increase in 
protein synthesis, or a decrease in protein 
breakdown has not been delineated.!:4:79.?!,% 
By the use of specific microbiologic technics, it 
has been shown that individual amino acids 
are depressed unequally, and Munro and 
Thomson*! have suggested that inasmuch as 
the proportions by which individual amino 
acids were reduced were similar to the relative 
proportions of these amino acids required for 
protein synthesis, carbohydrate feeding effects 
a change in the metabolism of the entire pro- 
tein molecule. 

The present study confirms the acute reduc- 
tion in plasma amino acids of normal men by 
measures which increase carbohydrate utiliza- 
tion. By substituting fructose as the infused 
carbohydrate in normal individuals, and ex- 
tending the observations to include a group of 
probable insulin-deficient diabetics, evidence is 
offered that this phenomenon is independent, to 
a large degree, of insulin action. In addition, 
the behavior of plasma amino acids following 
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Diabetes and Liver Disease 
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carbohydrate infusion to a group of patients 
with liver disease and the response in dogs with 
fatty metamorphosis of the liver induced by 
choline deficiency are presented. 


METHODS 


Glucose or fructose, 10 per cent, 0.5 g/kg, 
was infused intravenously over a 30-min period 
into fasting men and dogs. Plasma was sam- 
pled at 0, 30, 60,and 120 min. A tungstic acid 
1:10 filtrate was prepared and then stored in 
the frozen state pending analyses. Glucose 
was determined by the method of Nelson.* 
Plasma amino nitrogen was generally deter- 
mined by the method of Frame and Russell,’ 
and in some instances by a gasometric ninhy- 
drin method modified from Hamilton and Van 
Slyke.!! Although the former method is not 
entirely specific for amino N, serial measure 
was considered adequate to ascertain gross 
changes. Plasma tryptophan and phenylala- 
nine were determined on tungstic acid filtrates 
by a microbiologic technic.” The methods em- 
ployed for laboratory evaluation of liver func- 
tion have been previously described. 


* A media deficient in the specific amino acid was 
employed to support the growth of Lactobacillus 
Arabinosis (for tryptophan) and Leuconostoe Mesen- 
teroides (for phenylalanine). Four increments of each 
plasma filtrate were tested, each in quadruplicate. 
Growth proportional to the amount of deficient amino 
acid added was assayed by titration of the produced 
lactic acid with a Scholander microburet. The average 
coefficient of variation of quadruplicate analyses was 
3.1 per cent. Recovery of amino acid added to serum 
was 82 to 108 per cent (mean 94 per cent). The 
precision of the method was, however, somewhat 
greater for tryptophan than for phenylalanine due to 
increased lactic acid production of the test organism 
under the conditions employed. 
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A more extensive microbiologic assay of a 
number of amino acids was originally contem- 
plated as it was thought that small differences 
in plasma concentration of some amino acids 
would be obscured by the relatively gross meas- 
ure of alpha amino nitrogen. However, as 
microbiologic assay of specific amino acids 
proved laborious, and was limited by the fa- 
cilities available, these two amino acids were 
selected as representative essential components 
of normal protein synthesis. The ‘“‘cumula- 
tive change” in serial plasma values was de- 
termined by plotting the resultant curves of 
the change from time 0 and determining the 
area enclosed by each curve. 


MATERIAL 
(A) Human 


Male patients convalescent from orthopedic 
surgical procedures served as “‘normal’”’ con- 
trols. All were ambulatory, and eating a reg- 
ular hospital diet adequate in calories and vi- 
tamins. The diet contained an estimated 300 
g of carbohydrate per day. Certain additional 
studies were performed on male laboratory per- 
sonnel whose diet was not controlled. 

Five young male diabetic patients were se- 
lected to meet the following criterion: (1) age 
of onset at age 21 or younger; (2) insulin re- 
quirement above 40 units daily; (3) clinical 
“‘brittleness’’ as manifested by a propensity to 
develop ketoacidosis and/or insulin reactions; 
(4) stable control for the month preceding 
study. All were considered compatible with 
the insulin-deficient type of diabetes. Insu- 
lin was omitted on the morning of study. 

Two additional patients with anatomic pan- 
creatic deficiency were studied. One was a 46- 
year-old white male with chronic relapsing pan- 
creatitis. Steatorrhea and moderate diabetes 
were first noted four years previously. Several 
surgical procedures attempted for relief of pain 
were not successful. Extensive calcification 
of the pancreas was evident. This was con- 
firmed by surgical biopsy two months previous 
to this study which showed in addition ex- 
tensive fibrotic and moderate inflammatory 
changes. A liver biopsy showed nonspecific 
mild periportal cellular infiltration. Liver 
function tests were normal. 
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The second patient was a 38-year-old male 
in whom a block dissection was carried out two 
months previously for a carcinoma of the head 
of the pancreas. Although the pancreatic 
remnant was anastomosed to the jejunum, pro- 
gressive glycosuria and ketonuria developed 
postoperatively. At the time of study, the pa- 
tient was receiving 30 to 40 units of insulin in 
divided doses and was taking a liquid diet con- 
taining 150 g of carbohydrate as part of his 
therapeutic regimen. Although he was gaining 
weight slowly, he was still undernourished and 
weak. No hepatic metastases were found at 
exploration, and preoperative liver function 
studies were normal. 

Twenty-four patients with various types of 
liver injury were selected for study (Table I). 
Diagnoses were defined by the usual clinical and 
laboratory criteria, and often confirmed by 
liver biopsy or surgical exploration. Dietary 
intake varied as modified by anorexia or dic- 
tated by therapy, and was not comparable to 
the control group. Liver function studies de- 
termined at intervals as part of routine workup 
and management were obtained within several 
days of the study. 


(B) Dogs 


Fasting mongrel dogs of both sexes weighing 
between 8 and 14 kg were used for these experi- 
ments. For at least one month prior to control 
studies all animals were maintained on a stock 
kennel diet which supplied 85 g of protein, 45 g 
of fat, and 140 g of carbohydrate, and was sup- 
plemented with vitamins and trace minerals. 
The choline-deficient diet, modified from Cope- 
land and Salmon,?:* was fed from four to six 
weeks. Although the experimental animals 
appeared in good condition on the diet, fatty 
infiltration of the liver (up to 20 per cent of wet 
weight) was regularly produced. Studies per- 
tinent to the glucose intolerance of some of 
these dogs have been previously reported from 
this department.” 


RESULTS 


In the normal subjects plasma amino acids 
as measured by alpha-amino nitrogen, or by 
specific assay of phenylalanine and tryptophan 
were acutely reduced when glucose was in- 
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fused (Table II-A). The maximum depres- 
sion generally occurred in the 60-min sample 
and followed the peak in blood sugar. Plasma 
tryptophan returned almost to fasting values by 
120 min; plasma phenylalanine remained de- 
pressed. The fasting level of plasma phenyl- 
alanine exceeded tryptophan, and the reduction 
of the former following glucose infusion was 
somewhat greater. However, no consistent 
ratio of either absolute concentration of degree 
of reduction between plasma phenylalanine 
and tryptophan was apparent. If, however, 
the cumulative change is compared, the ratio 
of phenylalanine to tryptophan approximates 
1.3, a value not dissimilar from their propor- 
tionate growth requirement, and confirms the 
similar observations of Munro. If fructose 
rather than glucose is infused, the fall in plasma 
amino acids is similar although the increment 
in blood total hexose is much smaller (Fig. 1, 
Table II-B). 

Insulin also induced an acute reduction of 
plasma amino acids in normal subjects, but the 
addition of 0.1 U/kilo of regular insulin intra- 
venously either prior to or following the carbo- 
hydrate infusion neither aggravated or pro- 
tracted the usual fall of plasma amino acids 
(Fig. 2). Similarly, although a standard pe- 
riod of exercise on a treadmill (20 min with belt 
moving at the rate of approximately 500 feet 
per min) was shown to reduce plasma a-amino 
nitrogen by approximately 40 per cent, no sum- 


MINUTES 
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mation with the usual response to carbohydrate 
could be demonstrated (Fig. 3). 

The infusion of glucose into the insulin-de- 
ficient patient evoked a fall in plasma amino 
acids in five of the seven subjects (Table III). 
Although glucose intolerance was evident, the 
reduction in tryptophan, phenylalanine, and a- 
amino nitrogen was not dissimilar from that in 
the normal group. An irregular response was 
evident in one spontaneous diabetic (Pt. AA) 
and in the surgical patient with a partial pan- 
createctomy (Pt. JA). The former was seem- 
ingly similar to the other diabetic patients in 
regard to the clinical severity of his diabetes. 
It was subsequently observed, however, that 
he had a palpably enlarged liver and mild sul- 
fobromophthalin (BSP) retention. The surgical 
patient with the paradoxic response to glucose 
was subsequently found at autopsy two months 
later to have massive fatty infiltration of the 
liver. It is likely, therefore, that liver func- 
tion was disturbed at the time of study. How- 
ever, it was of interest that a dose of insulin suf- 
ficient to effect a severe hypoglycemia in this 
patient was similarly ineffective in lowering 
blood amino nitrogen. It seemed possible, 
therefore, that modification or mitigation of 
the usual fall in plasma amino acids associated 
with increased carbohydrate utilization might 
be found in other patients with liver injury. 

The effect of glucose loading in patients with 
liver disease is shown in Table IV. The usual 
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% CHANGES IN PLASMAS TRYPTOPHAN AND PHENYLALANINE 
IN NORMAL SUBJECTS RECEIVING FRUCTOSE. 
MEANS CHANGES +SD AFTER GLUCOSE. 


Fig. 1. 


The effect of fructose on plasma tryptophan and phenylalanine in 
normal men. The shaded area represents for comparison the changes result- 
ing from a similar infusion of glucose. 
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diminution of plasma tryptophan and phenyl- 
alanine following glucose infusion was grossly 
deranged in six patients, and less than normal 
in six others. Thus, half of a diverse group of 
patients with liver disease did not respond 
normally. In general these were patients with 


T 
; 30 60 
INSULIN 0.) UNIT/ KILO IV 


OPHAN 
PHENYLALANINE 


PTOPHAN 
PHENYLALANINE 


lo” 
INSULIN 0.1 UNIT/KILO IV 

Fig. 2. The effect of insulin on a normal subject. 
Although insulin depressed plasma tryptophan and 
phenylalanine (top), the effect of glucose was neither 
exaggerated or protracted when insulin was given 
following (middle) or preceding (lower) the carbo- 
hydrate infusion. In other subjects the insulin effect 
on amino acids was somewhat shorter in duration than 
in the subject depicted. The subject is the same 
individual as normal 7 in Table II. 


cirrhosis or acute hepataitis with severe ab- 
normalities evident from liver function tests, 
and most were clinically jaundiced. Yet not 
all the patients with severe liver disease showed 
a definitely abnormal response, and all four 
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Fig. 3. The effect of exercise in three normal sub- 
jects. Each subject was studies during an exercise 
period and during a combination of exercise and glucose 
infusion. Whether subject exercised during (A), after 
(B), or before (C) the glucose infusion, the resultant 
fall in a-amino nitrogen was similar to that produced 
by glucose alone. The subject of experiment C is the 
same individual as normal 2 in Table II. Blood 
glucose was little changed by exercise alone, but fell 
somewhat more rapidly when exercise was combined 
with glucose infusion. Subject of experiment B com- 
plained of hypoglycemic symptoms at 60 minutes when 
blood sugar was 64 mg per 100 ml. 


patients with obstructive jaundice responded 
normally (patients 9, 16, 17, 18). 

Generally plasma tryptophan and phenylala- 
nine were affected similarly, although there was 
some suggestion that the response of the latter 
was abnormal when the plasma tryptophan re- 
sponse was normal or equivocal (patients 11 
and 20). This had the effect of disrupting any 
constant ratio between the two amino acids. 
Although the fasting values of both amino 
acids were on occasion without the 95 per cent 
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TABLE IV 
The Effect of Glucose Infusion in Patients with Liver Disease 
Tryptophan mg/liter Phenylalanine mg/liter 
0 30 60 120 0 30 60 120 
Normal mean 9.7 6.1 4.9 7.8 13.3 9.0 5.6 6.4 
Ss. D. 1.09 2.39 1.22 1.82 1.64 2.77 1.87 2.24 
Case no. 1* 8.9 9.3 15.0 12.8 14.0 17.0 23.0 13.0 
2° 5.2 6.1 6.4 8.6 10.5 12.2 9.0 8.6 
3t 7.0 7.0 7.5 8.2 13.6 10.0 10.1 10.6 
4 6.3 3.4 7.5 12.2 
6 9.0 3.1 4.4 fe 3 18.9 13.4 7.4 8.4 
7 10.0 7.2 5.0 9.6 14.5 10.5 10.0 9.8 
8 11.2 8.9 7.0 14.1 13.4 12.8 12.2 14.7 
9 14.5 9.6 6.3 16.0 — — —_— 
10t 9.0 8.5 7.6 7.9 13.4 10.1 10.2 11 
11f 9.0 9.1 7.0 8.0 10.0 15.0 10.5 1 
12t 21.3 13.9 14.6 12.8 
13t 11.5 14.0 10.0 15.0 20.0 20.5 14.5 23 .0 
14* 6.5 10.5 8.7 12.1 13.0 12.7 14.2 17.6 
15* 16.1 18.2 19.9 30.7 
16 10.5 8.3 6.1 7.8 a2 8.2 5.0 
i7 11.2 5.7 6.0 9.2 14.6 8.6 6.1 6.5 
18 10.1 7.2 5.7 8.1 12.0 9.3 7.4 6.0 
19 8.9 10.9 12.8 10.4 12.2 13.0 12.5 16.6 
20 10.1 8.6 6.4 8.9 16.2 15.4 15.0 14.6 
21 11.2 8.7 8.9 — 
22t 14.0 13.7 12.8 13.1 
23 8.6 8.5 6.1 8.9 
24 9.6 7.2 5.4 8.3 15.0 10.4 9.3 8.7 


* Abnormal response. 
¢ Possibly abnormal response. 


limits of the normal group, it is likely that the 
two populations are not validly compared due 
to differences in age, nutritional status, diet, 
and other uncontrolled factors. No relation- 
ship between fasting level, and the amino acid 
response to glucose infusion was apparent. 
Furthermore, there was no apparent correla- 
tion of the magnitude of the abnormal response 
and any single laboratory test of liver function 
although the material presented is insufficient 
for adequate analysis. 


Dog Experiments 

The response of plasma amino acids to car- 
bohydrate infusion in normal and choline-de- 
ficient dogs is shown in Table V. In no animal 
with fatty liver was the pattern of response 
normal (group III). The abnormal response, 
however, could not be quantitatively corre- 
lated with fat content of the liver, or liver test 


abnormalities. The response in normal dogs 
made hyperglycemic by increasing the glucose 
load fourfold was essentially normal (group IV). 


DISCUSSION 


The fall in plasma amino acids does not ap- 
pear to bear any direct relationship to the blood 
sugar level other than to the increased rate of 
carbohydrate utilization presumably induced 
by hyperglycemia. If one explains this phe- 
nomenon as evidence that some product of car- 
bohydrate utilization serves to increase the net 
synthesis of protein, and thereby reduces the 
plasma pool, it is difficult to explain the tem- 
porary nature of this reduction. The rapid re- 
turn to normal in the fasting subject would sug- 
gest that although plasma amino acids may be 
an immediate precursor of cellular proteins, 
some less readily available source of essential 
amino acids subsequently repletes the plasma 


| | | 


[Vol. 6, No. 4 


[BULION 


[euLION 


OM 
=m Om 


a 


= = 


84/3 


on ON 00 


= tA 
+ on 
NO 
aon 
co; MAN 


DD 


Tet OOT 
[euLION 


ta 


OGD 


aAN| 


= 


[euLION 
[euLION 
[euLION 


= 


ON 
onmonmt 


84/3 asoon[D 
pasnjuy 


09 of 


M 


Z 
~ 
5 
Zz 
< 
= 
Zz 
Z 
< 
x 


sZ0q pue [euLIoN jo pue uO Jo poyy 
A 


% 
372 
SSRZSR SS\SARARSS 
NO 616 00 
NN 
7 onan 
+ 
Te N 
| NOAaS 
| 
S 
Nes: 
2 
| 
LI SOMOaN 


July-August, 1958] 


pool. As plasma amino acids are reduced 
when glucose is given to the insulin-deficient 
men, and inasmuch as fructose, which is pre- 
sumably to some degree independent of insulin 
for its utilization,’ is equally effective in re- 
ducing plasma amino acids, the unessentiality 
of insulin action is suggested. It would appear 
that insulin induces the fall of plasma amino 
acids solely by increasing the rate of glucose 
utilization. Once a maximum fall in amino 
acids is effected, further increment of carbohy- 
drate utilization, whether produced by further 
increasing blood sugar, by supplementation 
with exogenous insulin, or by exercise, may 
protract but not exaggerate this effect. This 
too is reminiscent of the protein-sparing activ- 
ity of carbohydrate in the fasting subject, where- 
by once a minimum of carbohydrate is fed, fur- 
ther increments of dietary carbohydrate are pro- 
gressively less effective as nitrogen-sparers.° 


A normal functioning liver would appear a 
requisite for the usual fall in amino acids result- 
ing from carbohydrate infusions. The fasting 
level of plasma amino acids is usually main- 
tained with great constancy, and in spite of 
even extensive liver injury may remain normal 
until hepatic failure is imminent.* 17.25.29 Then 
not only is the total as measured by amino ni- 
trogen content increased but the pattern and 
proportions of the amino acids present may be 
distorted.'*:?® The abnormal amino acid re- 
sponse to carbohydrate loading suggests, how- 
ever, that alteration in amino acid metabolism 
may attend hepatic dysfunction without altera- 
tion of fasting levels. Although glucose tol- 
erance was measured in only a few of the pa- 
tients, it is likely that the abnormal glucose tol- 
erance evident in certain instances of both the 
experimentally induced and the observed liver 
disease is not directly related to the amino acid 
response, as shown by the normal response in 
the human diabetics, and in the normal dogs 
receiving four times the usual dose of glucose. 
If it is assumed that fatty infiltration of the 
liver or some feature of lipotrophic deficiency 
affects amino acid metabolism directly, the 
abnormal response in three of six instances of 
severe acute hepatitis remains unexplained. 
Similarly quantitative correlation is lacking 
with evidence of disturbed protein synthesis as 
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reflected in hypoalbuminemia and hyperglobu- 
linemia. 

It is likely that the reduced concentration of 
plasma amino acids stems from an acute al- 
teration in carbohydrate metabolism in the 
liver, a site where insulin may be of lesser im- 
portance. Increased hepatic utilization of glu- 
cose may increase the availability of tricar- 
boxylic acid intermediates which may in turn 
serve as acceptors of amino nitrogen. Thus, 
when glucose is infused into fasting men, the 
equilibrium of the transaminase reactions in- 
volving a-ketoglutaric, oxalacetic and pyruvic 
acid is shifted so that more amino acids are re- 
moved from the plasma as the result of intrahe- 
patic accumulation of more acceptors of amino 
groups. While aspartic and glutamic acid, 
and alanine are considered to be directly con- 
ceived in transamination reactions it is prob- 
able that other amino acids may also be indi- 
rectly involved resulting temporarily in a net 
shift of a-amino nitrogen from the plasma to the 
liver. 

Although a relatively constant relationship 
is evident between plasma tryptophan and 
phenylalanine in the normal men and dogs, the 
dissociation of this relationship in several cases 
of patients with liver disease and in some of the 
choline-deficient dogs would cast doubt on the 
concept that the reduction of amino acids fol- 
lowing increased carbohydrate utilization is | 
related to protein sparing or involves changes 
involving the entire protein molecule. It is 
consistent, however, with our observations that 
plasma tryptophan may be reduced while 
plasma phenylalanine is normal or slightly ele- 
vated in acute hepatitis.** 

Both cases of obstructive jaundice due to 
stone, the case of carcinoma of the ampulla of 
Vater and the single case of cholangiolytic hep- 
atitis, showed a normal amino acid response 
despite moderately severe jaundice. While in- 
sufficient material has been studied, it is possi- 
ble that the amino acid response to carbohy- 
drate loading may be useful in certain cases in 
the differential diagnosis of hepatocellular vs. 
surgical jaundice. 


SUMMARY 


Plasma amino acids are reduced when glucose 


+ 
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or fructose are infused into fasting normal men 
and dogs. Insulin or exercise, which by them- 
selves lower plasma amino acids, do not further 
decrease plasma amino acids when superim- 
posed upon carbohydrate infusion. Diabetic 
patients selected as likely to be insulin-defi- 
cient and normal dogs given large amounts of 
glucose to produce hyperglycemia demon- 
strated a normal fall. It is suggested that the 
fall in plasma amino acids is related to the in- 
creased rate of carbohydrate utilization and is 
largely independent of the level of blood sugar 
or the action ofinsulin. Choline-deficient dogs 
with fatty livér and approximately one-half of 
a diverse group of patients with liver disease 
responded abnormally. 

These data indicate that intact hepatocellu- 
lar function is necessary for the reduction of 
plasma amino acids following carbohydrate in- 
fusion and suggest that the liver is a major site 
of removal of amino acids from the plasma un- 
der these circumstances. 
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The Influence of Maternal Iron Deficiency 
on the Newborn 


Tuomas R. C. SISSON, M.D.* AND Curtis J. Lunn, m.p.f 


HE DEVELOPMENT of hypochromic micro- 

cytic anemia in later infancy is not believed 
to result solely from nutritional iron deficiency. 
A depletion of iron stores in early infancy, 
amplified by the demands of rapid growth, is a 
pre-eminent factor. 

The purpose of this investigation was to 
study the pathogenesis of anemia in the first 
few months of life by exploring the possibility 
that iron deficiency in the mother is reflected in 
the newborn infant. 

The significance of maternal iron in the pro- 
duction of the anemia of infancy has been 
debated for many years. Strauss' concluded 
that anemia in the pregnant woman would lead 
to anemia in her infant sometime during the 
first year of life. Woodruff and Bridgeforth,” 
on the other hand, were unable to demonstrate 
a relation between the mother’s hemogram 
during pregnancy and that of her infant. Nor 
did Oettinger, Mills, and Hahn* find a relation- 
ship between the mother’s hemoglobin at the 
time of birth and the amount of iron absorbed 
by the infant. Woodruff‘ in later publications 
demonstrated that anemia is more common and 
severe in infants of low birth weight and high 
birth order. Similar findings have been re- 
ported by Guest and Brown.® These reports 
serve to confirm the generally held impression 
that several factors influence the anemia of 
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infancy, and that some maternal factors are of 
profound importance. 

The assessment of relative states of iron 
deficiency, especially in pregnant women, has 
been controversial. It has been apparent that 
in certain circumstances measurement of the 
total circulating hemoglobin mass and red cell 
volume gives a more reliable index of an anemic 
state than the red cell count and hemoglobin 
concentration. Standards for the laboratory 
diagnosis of anemia depend, for accuracy, on 
the constancy of the ratio of hemoglobin and 
red cell mass to plasma volume and body size. 
More precise definition is possible by observing 
biochemical changes in the hematopoietic sys- 
tem. These are most helpful in the study of 
pregnant women and their infants because of 


the’ striking volumetric changes which com- 


monly occur, and which account in great part 
for the seeming contradictions in the observa- 
tions already cited.'~* 

We have found that in a sizable number of 
pregnant women the simple measurement of 
hemoglobin concentration and packed red cell 
volume is not trustworthy in diagnosing 
anemia because of states of hypo- and hyper- 
volemia.’ 

For these reasons we have relied on measure- 
ment of red cell volume and circulating hemo- 
globin mass to determine the hematologic 
standing of the subjects of the investigation. 
These volumetric studies have served to ap- 
praise quantitatively the influence of maternal 
iron deficiency on the newborn infant. 


METHODS 


The standards set in this laboratory as mini- 
mum normal values for the non-anemic preg- 
nant woman are: 

Red cell volume, 30.0 ml/kg 

Hemoglobin mass, 11.0 g/kg 
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Sixty-six women were studied throughout 
pregnancy, and their infants were studied in the 
first three to five days of life (after shifts in the 
plasma compartment had stabilized). The 
pregnancies were normal except for the pres- 
ence of anemia in some of the mothers. All 
deliveries were spontaneous and without anes- 
thesia unless pudendal block anesthesia was 
employed. The infants were normal, full-term, 
and without neonatal complications. No infant 
was included who exhibited hemolytic disease 
of the newborn or other hematologic disorder. 

The diagnosis of maternal iron deficiency was 
made from values established in the last half 
of the third trimester of pregnancy. The 
mothers were between the ages of 20 and 35 
years and of various parity. The birth weights 
of the infants ranged from 2,500 to 4,090 gr. 
No infant was included of less than 39 weeks’ 
gestation. 

The mothers were divided into three groups: 
non-anemic, whose hemoglobin mass was 
greater than 11.0 g/kg; intermediate or moder- 
ately anemic whose mass was between 9.5 and 
11.0 g/kg; and severely anemic, whose hemo- 
globin mass was below 9.5 g/kg. Each infant 
was automatically placed in his mother’s 
group and designated in the same fashion for 
simplicity’s sake. There were 20 mothers plus 
their babies in the non-anemic class, 21 in the 
“intermediate,” and 25 in the ‘severely 
anemic’ group. 

Laboratory examinations were done by 
micro or semimicro technics because of the 
necessity of duplicating the entire battery of 
studies in the newborn infants. A total of 3.5 
to 4.0 ml of blood was drawn for each study 
from an antecubital vein in the mother, and 
from a femoral vein in the infant. Dye injec- 
tions were performed through an antecubital 
vein in both woman and infant. 

Hemoglobin concentration was measured by 
the cyanmethemoglobin method of Crosby, 
Munn, and Furth. Microhematocrits were 
determined by the use of an International 
Hemocrit Centrifuge.® Plasma volume was 
measured by a slight modification of the method 
of Nitsche and Cohen® using T-1824 or Evans 
Blue, and by elution of the dye in acetone-water 
as described by Allen.” Recovery experiments 
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yielded 97.0 + 2.0 per cent dye on samples in 
triplicate. From these measurements were de- 
rived the values for total blood volume, total 
red cell volume, and total circulating hemo- 
globin mass. In these calculations the factors 
for plasma trapped in the hematocrit tube,!!:? 
and for the ratio of body/venous hematocrit"® 
were used. Total circulating hemoglobin mass 
was calculated from the total blood volume 
and hemoglobin concentration. Volume and 
mass determinations (except where noted) are 
reported on the basis of body weight since such 
a variation of body size existed in the subjects. 
Serum iron was measured by the method of 
Burch, Lowry, and Bessey,'* and latent serum 
iron-binding capacity by a slight modification 
of the method of Rath and Finch." Red cell 
count was done by the same experienced tech- 
nologist throughout the investigation using 
accepted methods for hematologic study. 


RESULTS 


A compilation of the laboratory results are 
given in Tables I, II, and III. Mean values for 
total members of each group, and mean values 
for infants of treated and untreated mothers* 
are listed in Table IV. 

There is considerable disparity between the 
values for hemoglobin concentration and hemo- 
globin mass as well as between the values for 
hematocrit and red cell volume in the mothers. 
The absolute differences in the groups are more 
conspicuous if the latter values are considered 
than if the hemoglobin concentrations and 
hematocrit readings are compared. The para- 
doxic finding that some women with low hemo- 
globin concentrations have high hemoglobin 
mass values and vice versa is explained by the 
differences in blood volume. Further studies 
and an exposition of these observations will 
appear in another report.’ 

* The mothers were selected from subjects of a longi- 
tudinal survey of oral iron therapy in pregnancy, 
wherein a ‘“‘blind’’ study was done. 

Ferrous sulfate or molybdenized ferrous sulfate in a 
dosage of 600 mg daily by mouth was begun during the 
second trimester of pregnancy and maintained until 
term. The actual intake and absorption could not be 
verified in all subjects thus treated on an outpatient 
basis. The lack of therapeutic response in some patients 
suggests that in at least a few cases the intake or ab- 
sorption of iron may have been inadequate. 
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(A.) Hemoglobin Concentration: The differ- 
ence in hemoglobin concentrations between the 
infants of non-anemic and severely anemic 
mothers is 1.1 g/100 ml, and between those of 
moderately anemic and severely anemic mothers 
0.8 g/100 ml. These differences are not 
significant. The range of values in each group 
of infants is similar. 

No significant differences existed between the 
packed red cell volumes of the three groups, 
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States of hypo- and hypervolemia occur in 
the newborn and older infant" and in the pre- 
mature.” Five of the infants in this study were 
considered to be hypovolemic, having a plasma 
volume below 45 ml/kg; and ten infants were 
hypervolemic, having a plasma volume greater 
than 75 ml/kg. A distribution of individual 
volumes is illustrated in Figure 1. 

(C.) Total Blood Volume: The mean blood 
volume of infants in the non-anemic group was 


TABLE I 
Infants of Non-Anemic Mothers 
Rx of Birth Plasma Blood | Red cell : 
Name Sex mother weight Hgb | PRCV| volume | volume | volume Hb Mass Serum Iron 
g &% % ml/kg ml/kg ml/kg g/kg g 1% 
Atk M FeSO, 3,880 | 15.8 | 48.0 43.5 72.1 28.6 11.4 42.2 78 34 
Bro M None 3,120 | 17.7 | 51.0 59.0 102.0 42.9 18.1 54.2 59 35 
Jen M None 3,000 | 12.6 | 37.0 | 75.7 109.0 |} 33.3 13.8 41.8 50 38 
Car M None 3,380 | 16.3 | 46.0 73.5 118.2 45.0 19.3 65.3 46 34 
Gar M FeSO, 3,000 | 17.2 | 51.0 65.2 112.8 47.6 19.4 56.3 153 100 
Hal F None 3,470 | 19.2 | 57.0 62.1 117.4 55.3 22.6 75.8 106 66 
Jop M None 2,900 | 17.5 | 51.0 66.5 114.9 48.5 20.1 57.3 111 74 
Kee F None 2,650 | 18.0 | 49.0 54.9 92.3 37.4 16.6 42.2 98 54 
Mul M Mol Iron | 3,750 | 18.3 | 56.0 49.4 92.0 42.6 16.8 59.1 81 40 
Phe M | FeSO, 3,480 | 13.2 | 39.0 | 69.2 102.1 | 32.9 13.5 46.6 86 60 
San F None 3,450 | 17.0 | 51.0} 66.5 115.0 | 48.5 19.6 65.3 100 67 
Smi M None 3,860 | 16.2 | 45.0 63.1 100.5 37.4 16.3 62.2 100 63 
Sut M None 3,700 | 16.4 | 56.0} 62.3 116.0 | 53.7 19.0 68.5 33 21 
Tri F None 2,810 | 16.2 | 45.0 63.5 101.2 37.6 16.4 43.6 111 71 
Woo M None 2,950 | 17.5 | 52.5 83.9 148.2 64.3 25.9 70.3 50 42 
Gol F None 3,000 | 15.0 | 49.0 | 67.0 112.7 | 45.6 16.9 48.5 80 54 
Ale M | FeSO, 3,700 | 16.8 | 54.0| 71.2 128.6 | 57.4 21.6 79.3 103 73 
Bro F FeSO, 3,480 | 19.4 | 56.0} 62.8 | 116.8] 54.1 22.7 76.4 162 102 
Con M Mol Iron | 2,600 | 16.2:| 48.0 67.5 111.8 44.3 18.1 48.4 — — 
Nud F FeSO, 4,100 | 19.6 | 53.0 85.1 151.3 66.3 29.7 121.3 153 130 
Mean 3,314 | 16.8 | 49.7} 65.6 111.7 | 46.2 18.9 61.2 93 61 
Median 3,415 | 16.9 | 51.0 | 66.0 112.8 | 45.3 18.5 58.2 98 60 
Means of 
8 treated 3,490 | 17.1 | 50.6 | 64.2 110.9 | 46.7 19.2 66.2 117 77 
12 untreated 3,208 | 16.6 | 49.1 66.5 112.3 45.8 18.7 57.9 79 52 


and the range of values, though not exactly 
equal, was nearly so. 

(B.) Plasma Volume: The mean plasma vol- 
ume of all infants in the series was 61.0 ml/kg. 
That of the non-anemic group was 65.6 ml/kg, 
that of the moderately anemic group was 60.8 
ml/kg, and the mean of the severely anemic 
group was 58.2 ml/kg. It was noted that the 
range of values, though approximately equal in 
all groups, was at a higher level in the non- 
anemic infants, 


111.7 ml/kg. Of these infants, eight were 
babies of women who had been treated with 
oral iron during pregnancy, and 12 were babies 
of untreated women. The mean blood volume 
of the first eight infants was 110.9 ml/kg, and 
of the other 12 the mean was 112.3 ml/kg. 
These values may be considered equal, and 
they are significantly higher than values for 
infants of untreated anemic women. 

The mean blood volume of the moderately 
anemic group of infants was 103.2 ml/kg. The 
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TABLE II 
Infants of Intermediate Group of Mothers 
Rx of Birth Plasma Blood Red cell 
Name Sex mother weight Hgb | PRCV) volume | volume | volume Hb Mass Serum Iron 
% % ml/kg | ml/kg | ml/kg g/kg 1% 
Gon M None 3,080 | 18.2 | 58.0 60.9 117.0 56.1 21.3 63.9 66 40 
All M FeSO, 3,700 | 13.4 | 42.0 87.6 134.7 46.9 18.0 67.5 111 97 
Ban M Mol Iron | 3,120 | 15.5 | 43.5 68.9 107.6 38.7 16.9 49.2 100 69 
Dav M None 3,460 | 16.2 | 48.5 58.6 97.7 39.2 15.8 52.6 61 36 
Dav F None 2,900 | 15.5 | 51.0 56.6 97.9 41.2 15.2 43.8 72 41 
Dro F FeSO, 3,170 | 14.5 | 47.0 86.6 141.6 55.0 20.5 64.9 139 120 
Fer F FeSO, 3,840 | 17.1 | 54.0 54.7 98.8 44.1 16.9 60.3 55 30 
Fra F None 3,360 | 15.3 | 46.0 76.6 123.7 47.0 18.9 63.6 58 44 
Fra M FeSO, 2,850 | 15.6 | 46.0 45.0 72.6 27.6 11.3 33.6 81 37 
Har M FeSO, 2,830 | 15.4 | 49.0 46.7 78.4 31.8 12.1 31.9 108 50 
Hob F None 3,320 | 18.8 | 58.5 51.6 99.9 48.3 18.8 59.7 82 42 
Ive F None 3,550 | 16.7 | 47.0 78.6 128.6 49.9 21.5 74.1 66 52 
Lin M None 2,770 | 18.0 | 51.0 61.9 107.0 45.1 19.3 52.8 78 48 
Mad F None 2,780 | 18.4 | 56.5 55.5 104.2 48.7 19.2 53.3 92 51 
Smi M None 3,140 | 15.6 | 48.0 44.9 74.4 29.5 11.6 37.8 72 32 
stC F FeSO, 2,880 | 17.1 | 50.0 58.8 100.2 41.4 i .2 45.9 184 108 
Mou M None 3,600 | 18.9 | 58.0 36.3 69.8 33.5 13.2 45.6 25 9 
Pri M None 4,360 | 18.4 | 40.5 63.0 94.7 31.7 12.7 54.5 81 51 
Rog M None 3,720 | 19.2 | 55.0 46.0 84.4 38.4 16.2 60.3 76 35 
Smi M FeSO, 2,880 | 16.8 | 50.0 47.4 80.8 33.4 13.6 38.9 56 27 
Tay F None 3,250 | 17.1 | 50.0 89.6 152.6 63.1 26.1 82.2 106 95 
Mean 3,265 | 16.5 | 50.0 60.8 103.2 42.4 16.9 54.1 . 84 53 
Median 3,170 | 16.7 | 50.0 58.6 99.9 41.4 16.9 53.3 78 44 
Means of: 
» 8 treated 3,159 | 15.7 | 47.8 62 101.8 39.9 15.8 49.9 104 67 
13 untreated 3,330 | 17.0 | 51.4 60. 104.0 44.0 i 2 fy 57.2 72 44 
means for eight babies of treated and 13 babies 
of untreated mothers was 101.8 ml/kg and 
104.0 ml/kg, respectively. 
/kg LJanemic 
There was a distinct difference between the A , 
blood volume values of infants from non- La siapacntea 
anemic and severely anemic mothers. The 
average blood volume of the latter group was $ 
95.5 ml/kg. Mean values for the 12infantsof 5 
treated women was 100.8 ml/kg, and the mean a 
of 13 infants of untreated women was 90.6 S 
ml/kg. 
The differences in blood volume between the E . a 
groups cannot be accounted for solely by the = Y 
differences in plasma volume: the disparity in Y 
red cell volumes also contributes. wae 
(D.) Total Red Cell Volume: The mean red 
cell volume of the non-anemic infants* was 


46.2 ml/kg, of the moderately anemic group 


*The terms “‘non-anemic” and “anemic” when ap- 
plied to infants refer to their mothers’ hematologic sta- 
tus.—Editor’s Note 


mi./kg. 


Fig. 1. The distribution of plasma volumes of indi- 
vidual subjects, and indicating the group in which each 
is placed. 
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42.4 ml/kg, and of the anemic infants* 37.3 


ml/kg. These differences reflect the values of 
the mothers in late pregnancy and to almost 
the same magnitude. The distribution of indi- 
vidual red cell volumes is shown in Figure 2. 
There was no significant difference in mean 
red cell volumes of the non-anemic infants 
whether or not the mothers were treated with 
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by the possibility that the intake or absorption 
of iron may have been inadequate in some 
women. At any rate, one need not necessarily 
conclude that iron therapy was ineffective in 
preventing this anemia of the newborn. 

(E.) Total Circulating Hemoglobin Mass: The 
mean circulating hemoglobin mass of the non- 
anemic infants was 18.9 g/kg. The mean value 


TABLE III 
Infants of Anemic Mothers 
Rx of Birth Plasma Blood | Red cell 
Name Sex mother weight | Hgb | PRCV| volume | volume | volume Hb Mass Serum Iron 
g % % ml/kg | ml/kg | ml/kg y/ke 
Bet F None 2,500 | 16.0 | 46.0 76.2 122.9 46.8 19.7 45.4 153 117 
Bra F FeSO, 3,630 | 17.1 | 48.0 72.1 119.6 47.4 20.4 74.2 103 74 
All M | FeSO, 2,770 | 138.9 | 41.0 | 73.5 | 111.2] 37.7 15.5 43.6 122 90 
And F None 2,600 | 14.7 | 42.5 50.6 78.1 27.4 11.5 30.6 58 29 
Bea F None 3,700 | 15.9 | 48.5 63.5 106.0 42.5 16.9 56.8 62 39 
Bos M None 3,000 | 17.5 | 50.0} 62.5 | 106.5) 44.0 18.6 55.9 111 69 
Bur M | FeSO, 3,350 | 15.1 | 48.0 | 56.7 93.9 | 37.3 14.2 47.2 59 34 
Dic F FeSO, 4,400 | 16.2 | 48.5 56.6 94.4 37.9 15.3 67.3 — —tn 
Fel M None 2,500 | 15.1 | 47.0 59.6 97.4 37.8 14.7 38.2 128 7 
Hil M | FeSO, 3,650 | 12.3 | 34.0} 61.1 84.9 | 23.9 10.4 35.7 77 47 
Hun F None 2,760 | 17.0 | 51.5 | 45.6 79.3 | 33.7 13.5 38.6 52 24 
Jen M None 2,960 | 16.0 | 49.0 | 47.9 80.5 | 32.6 12.9 38.1 81 39 
Mar M None 3,110 | 17.7 | 56.0 55.8 102.3 46.5 18.1 54.5 89 50 
Moy F None 3,000 | 16.7 | 54.0 | 56.6 102.2 | 45.6 17.1 51.2 
Mul F FeSO, 3,150 | 18.5 | 54.0) 55.1 99.6 | 44.5 18.4 55.8 75 41 
Per M FeSO, 3,420 | 15.8 | 51.0 54.2 93.8 39.5 14.8 49.2 42 23 
Pin F FeSO, 3,230 | 16.2 | 48.0 65.4 108.5 43.0 17.6 53.6 149 97 
Pin F None 2,590 | 15.0 | 43.0 42.5 65.9 23.4 9.9 26.1 75 32 
Sha F FeSO, 4,090 | 14.2 | 43.0 48.8 75.8 26.9 10.8 44.1 115 56 
Smi F None 2,700 | 13.3 | 46.0 54.4 87.38 33.4 11.7 31.4 100 54 
Syk F None 2,870 | 16.0 | 44.0 54.2 85.1 31.0 13.6 39.2 100 54 
Tho F FeSO, 3,500 | 17.3 | 51.5 73.4 127.8 54.4 22.1 73.4 56 41 
Wil M FeSO, 3,420 | 13.2 | 39.0 78.3 115.5 37.2 15.2 51.2 53 42 
Wro M None 3,200 | 15.7 | 48.0 38.6 64.0 25.4 10.1 31.5 67 26 
Hol F FeSO, 3,400 | 16.7 | 48.0 50.7 84.1 33.4 14.1 47.1 116 59 
Mean 3,180 | 15.7 | 47.2 58.2 95.5 37.3 15.1 47.2 89 53 
Median 3,150 | 16.0 | 48.0 | 56.6 94.4 | 37.7 14.8 47.1 81 47 
Means of: 
12 treated 3,501 | 15.5 | 46.2 | 62.2 100.8 | 38.6 15.7 53.5 88 53 
13 untreated 2,884 | 15.9 | 48.1 54.5 90.6 36.2 14.5 41.3 90 51 


iron. There was a 2.4 ml/kg larger mean red 
cell volume in the infants of treated mothers 
than of untreated mothers in the severely 
anemic group. However, the average red cell 
volume of infants of untreated moderately 
anemic women was 4.1 ml/kg greater than that 
of infants of treated mothers in the same group. 
This unexpected discrepancy may be explained 


of the moderately anemic group was 16.9 g/kg, 
nearly 10 per cent lower than the first group. 
The mean mass of the more severely anemic 
infants was 20 per cent lower than that of the 
non-anemic infants. 

The average total circulating hemoglobin 
mass not calculated on the basis of body weight 
indicates the same large difference between the 
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TABLE IV 
Mean Values of Mothers and Infants 
Plasma Blood Red cell Hgb Serum iron 
No. Hgb PRCV volume volume volume mass 1% y/ke 
&% % ml/kg ml/kg ml/kg 
Mothers 
66 Non-anemic 11.2 34.7 78.1 111.4 33.6 12.5 80 62 
Intermediate 10.4 33.4 70.4 99.0 28.6 10.2 61 41 
Anemic 9.9 31.6 58.5 80.5 22.0 7.9 67 40 
28 Treated (oral iron) 
Non-anemic 10.9 34.4 78.8 111.6 33.4 12.1 84 67 
Intermediate 11.4 35.7 62.9 91.1 28.2 10.2 81 50 
: Anemic 9.6 31. 60.8 83.0 22.2 7.9 63 40 
38 Untreated 
Non-anemic 11.5 34.9 4420 111.3 33.8 12.7 77 60 
Intermediate 9.8 31.9 75.1 103.9 28.8 10.1 49 36 
Anemic 10.2 32.1 57.4 78.1 21.8 7.9 70 39 
Infants 
66 Non-anemic 16.8 49.7 65.6 46.2 18.9 93 61 
Intermediate 16.5 50.0 60.8 103.2 42.4 16.9 84 53 
Anemic 15.7 47.2 58.2 95.5 37.3 15.1 89 53 
28 Treated mothers 
Non-anemic by ey | 50.6 64.2 110.9 46.7 19.2 117 77 
Intermediate 15.7 47.8 62.0 101.8 39.9 15.8 104 67 
Anemic 15.5 46.2 62.2 100.8 38.6 15.7 88 55 
38 Untreated mothers 
Non-anemic 16.6 49.1 66.5 112.3 45.8 18.7 79 51 
Intermediate 17.0 51.4 60.0 104.0 44.0 i er 4 72 44 
Anemic 15.9 48.1 54.5 90.6 36.2 14.5 51 
TABLE V 
Serum Iron 
| Combined average Treated mothers Untreated mothers 
Group Concentration Total Concentration Total Concentration Total 
ug % ug/ke us % ng/kg ug % ug/kg 
Non-anemic 93 61 117 77 79 51 
Intermediate 84 53 104 67 72 Ad 
Anemic 89 53 88 55 90 51 


anemic and non-anemic groups. The average 
weight of the severely anemic infants was 3,180 
g, and the average hemoglobin mass was 47.2 g. 
The non-anemic infants had a similar mean 
weight of 3,314 g, and a mean hemoglobin mass 
of 61.2 g. The difference of the means, 14.0 g 
of hemoglobin, represents 47.6 mg of iron. 

The distribution of individual circulating 
hemoglobin mass values is illustrated in Figure 
3. 

(F.) Serum Iron: The mean serum iron con- 
centration of the non-anemic infants was 93 


ug/100 ml, that of the intermediate or moder- 
ately anemic group of infants was 84 ug/100 
ml and that of the more severely anemic infants 
was 89 ug/100 ml. The differences are not 
significant since these average values include 
those of infants of both treated and untreated 
mothers, and since these figures represent con- 
centrations in babies of various blood volumes. 

A further delineation of these values may be 
gained by considering the total circulating 
serum-bound iron. The average circulating 


serum iron of the non-anemic infants was 61 
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Fig. 2. The distribution of red cell volumes of indi- 
vidual subjects, and indicating the group in which each 
is placed. 
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ug/kg, and the mean was 53 ug/kg in both the 
moderately and severely anemic infants. The 
difference is of doubtful significance. 

Subdivision of the three groups into those 
infants whose mothers received oral iron ther- 
apy and those whose mothers did not, presents 
an interesting pattern. Table V lists the values 
for both serum iron concentration and total 
serum iron per kilogram of body weight. 

The combined mean serum iron concentra- 
tions exhibit no significant differences, though 
the combined total circulating values may. 
The infants of untreated severely anemic 
mothers had levels of serum iron higher than 
those of untreated moderately anemic mothers, 
and slightly higher than those of non-anemic 
mothers. This would indicate that the serum 
iron, no matter how measured, reflects not the 
serum iron of the mother, but the availability 
of this element for transplacental passage. It 
also indicates that measurement of maternal 
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Fig. 3. Total circulating hemoglobin mass values of individual subjects, and 
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serum iron is a poor index of the relative state 
of anemia in the newborn. 

(G.) Serum Iron-binding Capacity: The 
serum iron-binding capacity is usually totally 
saturated or nearly so in the newborn infant. 
Such was found to be true in the subjects of 
this investigation, therefore, the latent serum 
iron-binding capacities are not recorded. 


DISCUSSION 


In any study of the blood. volume of the new- 
born it is necessary to consider the effect of the 
so-called “placental transfusion’’ which is said 
to occur as the result of delayed ligation of the 
umbilical cord.'*:!® Such a volume of blood, 
estimated by some observations to exceed 60 
ml, would add substantially to the iron re- 
serve of the newborn infant. It may also have 
had the effect of enlarging the blood volumes of 
some of the infants in this study. 

We have determined the blood volumes of 38 
infants with and without the influence of grav- 
ity on umbilical blood flow. Neither immediate 
nor delayed clamping of the cord with the infant 
held above or below the level of the placenta 
could be shown to affect significantly the total 
blood or red cell volumes measured by the 
fourth day of life. By ‘milking’ the cords of 
one group of infants we were able to produce a 
plethora. We believe that neonatal volumes 
are generally unrelated to ‘placental trans- 
fusion” unless artificial maneuvering of the 
cord and placenta surround the technic.” 

The fact that the lowest values for plasma 
and total blood volume were encountered in 
the anemic infants of untreated mothers might 
seem to indicate that iron deficiency leads to 
lower than normal blood volume figures. This 
may be true, but cannot be proved by the re- 
sults of this investigation. ‘ Infants with hypo- 
volemia and hypervolemia were found in all 
groups. 

The outstanding influence of maternal iron 
deficiency was on the red ‘cell volume and cir- 
culating hemoglobin mass. Mothers who had 
either presumably adequate iron stores or 
effective treatment with iron gave birth to 
infants with a superior content of red cells and 
hemoglobin. It was equally apparent that 
treatment of the severely anemic mothers, 
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though not totally effective, assured the off- 
spring of a better red cell volume and hemo- 
globin mass than infants of similarly deficient 
mothers without treatment. 

The difference between the mean hemoglobin 
mass values of non-anemic and anemic infants 
was 3.8 g/kg. This is more striking when it is 
considered that this amount of hemoglobin 
represents 20 per cent of the iron otherwise 
available to the anemic infants for hemoglobin 
synthesis in the following months of life, unless 
supplied by diet or medicinal iron. 

We feel that a serum iron value alone is not 
sufficiently indicative of iron deficiency in the 
newborn, since it relates to current iron turn- 
over, and is in such a sensitively balanced state 
that many factors can influence the values 
found at any one time. Determination of the 
serum iron concentration and latent iron- 
binding capacity in later infancy, childhood, 
and adulthood are often of assistance in the 
diagnosis of iron deficiency anemia, but not in 
the newborn period. At that time iron stores 
reside principally in the hemoglobin iron, and 
it is thought that other depots of iron are incon- 
sequential. Thus it appears that the serum 
iron of the newborn infant reflects the maternal 
iron supply, but is not directly related to the 
maternal serum iron levels. One can infer that 
the simple process of administering iron to the 
mother does not always ensure an adequate 
passage of iron across the placenta. The de- 
mands for iron by the fetus are not entirely met 
at the mother’s expense if she is anemic, for she 
will satisfy, at least in part, her own needs. 
Treatment of the mother with oral iron during 
the last trimester or longer seems to produce a 
more abundant circulation of iron in the new- 
born infant regardless of her relative hemato- 
logic status. Babies of treated mothers had, in 
general, higher total circulating serum iron 
levels than those of untreated mothers. Among 
the individuals of the anemic group no greater 
benefit was exerted by maternal therapy than 
by natural maternal iron stores and the pro- 
visions of diet. 

We have seen that it is rare for a non-anemic 
mother to give birth to an infant with evidence 
of iron deficiency anemia; but our data 


strongly suggest that infants of anemic mothers 


7 
> 


will frequently share the iron deficiency. 

It is concluded that the more severe the 
anemia in the mother (see Table IV) the more 
this will be reflected in the infant at birth. 
Such a profound effect on the newborn, depriv- 
ing it of nearly one quarter of its readily avail- 
able iron store, may be expected to influence 
the production of iron deficiency anemia in later 
months of life. 


SUMMARY 


Sixty-six pregnant women (25 of them 
severly anemic, 21 moderately or mildly 
anemic, and 20 not anemic), and later their 
newborn infants, were studied by standard 
hematologic methods and by volumetric tech- 
nics. The diagnosis of maternal iron deficiency 
anemia was made from values established in the 
laft half of the third trimester of pregnancy. 

The mean red cell volume of infants of non- 
anemic mothers was 46.2 ml/kg; that of the 
infants of severely anemic mothers was 37.3 


ml/kg, a value 19 per cent below that of the ~ 


normal group. 

The mean circulating hemoglobin mass of the 
non-anemic group was 18.9 g/kg; that of the 
anemic group 15.1 g/kg. The difference of 3.8 
g/kg represents a deficiency of about 20 per 
cent of the iron otherwise available to the 
anemic infants compared with the normal new- 
borns. 

Infants of mothers treated with oral iron 
during pregnancy had, in general, higher total 
circulating serum iron levels than infants of 
untreated mothers. 

It is concluded that infants of anemic 
mothers will frequently share the iron defi- 
ciency, and that treatment of the mother with 
iron during her pregnancy tends to relieve her 
infant of this common deficiency. The more 
severe the anemia in the mother the more this 
will be reflected in the infant at birth. Such a 
profound effect on the newborn may be 
expected to influence the production of iron 
deficiency anemia in later infancy. 
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Beyond the Facts 


“It is not easy for the student or physician to move through a busy career and 


maintain a lively curiosity. Too often we encounter satisfaction and even com- 
placency in the statement, we must not go beyond the facts. I belong to a school 
which holds that we must encourage our pupils to let fancy roam where it will. The 
danger-line between fact and fancy will never be obscured when fancy is habitually 
encouraged to formulate tests whereby its truth may be examined.” 

—A. Weech, J. Med. Education 31: 106, 1956 
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REVious publications from this laboratory 

and others have described the variations 
in serum vitamin By: levels, and in the absorp- 
tion of vitamin By: that are associated with ad- 
vancing age,’ pregnancy,” hypothyroidism,’ 
ACTH and cortisone administration or excess 
secretion,’ pyridoxine deficiency,’ the adminis- 
tration of various intrinsic factor preparations,® 
and the administration of a multiple vitamin- 
lipotropic factor elixir containing sorbitol in the 
vehicle.’ The general findings are summarized 
in Table I. 

The purpose of this paper is to present our 
additional findings on the effects on the blood 
levels and absorption of vitamin By of (1) gas- 
trectomy, (2) divided dose schedules, and (3) 
the physical state of the orally administered 
vitamin. We also presént evidence further 
substantiating the effects of pyridoxine de- 
ficiency upon vitamin By: absorption and tissue 
content. 


METHODS FOR MEASURING VITAMIN B:: ABSORPTION 


The absorption of orally administered radio- 
active vitamin By, tagged with Co® can be 
measured by the urinary* or fecal excretion® 
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Factors Affecting the Absorption 
of Vitamin B: 


AND ANDREW HORONICK, B.S. 


tests or by hepatic uptake test.” Absorption 
may be estimated from radiometric measure- 
ments of feces, scintillation counting of liver 
projections, or determination of urinary radio- 
activity estimated after injection of a massive 
dose of non-radioactive vitamin By. 

In view of a general and understandable hes- 
itancy on the part of investigators to allow the 
test subjects, particularly infants or pregnant 
women, to be exposed to the hazards of radio- 
activity, however safe this may be, the oral 
tolerance test'! for estimating absorption is of- 
ten preferred under such conditions. This 
test involves either the oral administration of a 
single dose of 1,000 ug or a daily dose of physio- 
logic magnitude. Increase in serum vitamin 
By levels is estimated by a microbiologic assay 
and is taken as an index of absorption. When 


TABLE I* 


Variations in Serum Vitamin Bj. Levels and in 
Absorption of Vitamin Bj. 


Effect on Effect on 
blood level absorption 
Condition or treatment of Biz of Biz 
Aged Decreased Normal 
Pregnancy Decreased Increased 
Hypothyroidism Decreased Decreased 
ACTH or cortisone Increased Normal 
Pyridoxine deficiency _ Decreased 
“Inhibitory” I. F. Decreased Decreased 
“Non-inhibitory” I. F. Increased Increased 
Liptril® Increased Increased 


* These findings apply to subjects with gastric 
secretions containing endogenous intrinsic factor. 

¢ Although elderly subjects were found to absorb 
vitamin Bj: administered in the fasting state as well 
as young healthy adults, it was found that young 
adults responded to an injection of histamine with an 
increased absorption of vitamin Bj, whereas the 
elderly did not.” 
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a single large dose is given, the test involves the 
drawing of blood one to three hours after the 
administration. When a small daily dose is 
used, blood specimens are collected over a 
longer period of time (in weeks or months) de- 
pending on the efficacy of medication. The 
vitamin By. content in sera is then determined 
and compared with that found before treat- 
ment. Although the oral tolerance test simu- 
lates the actual conditions of use, the applica- 
tion of the radiometric measurement has nu- 
merous advantages. 

Since the details of the above mentioned 
methods of measurements have been published 
elsewhere, they will not be repeated in this 
communication. 


RESULTS 


Absorption of Vitamin By by Totally Gastrec- 
tomized Subjects: In these patients, the stomach 
had been removed in its entirety as attested to 
not only by the surgeons’ notes, but also by the 
pathologist as well as by subsequent radiologic 
and endoscopic examinations. In some, the 
stomach had been removed because of malig- 
nancy and, in others, benign ulceration. All 
the subjects studied were between 50 and 70 
years of age. Two of the subjects were given 
test doses of 3 mg, whereas the other two were 
given 1 mg. Sera samples were obtained 
shortly before, one and one-half and three 
hours after administration, and were then 
analyzed for vitamin By: activity. It can be 
seen (Table II) that subjects with total gas- 


TABLE II 
Oral Tolerance Test of Vitamin Biz 
Years Vitamin Biz serum levels 
after (ung, ml) 
gastrec- Biz 
Subject* tomy given 0 1.5 3 
me hr hr hr 
J. W. (a) 8 3 0 198 262 
E. W. 7 3 0 1280 1500 
J. W. (b) 6 1 0 186 192 
Le? 9 1 0 810 700 


* All subjects underwent total gastrectomy. 


trectomy showed no measurable vitamin By 
activity in the initial sera. However, the sub- 
sequent specimens contained high concen- 
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trations of vitamin By. (The average value 
for our group of healthy individuals is 210 
+ 40 ywug/ml.) Therefore, absorption of the 
vitamin must have taken place. 

In the second experiment, another series of 
five subjects with total gastrectomy was used. 
The test dose of vitamin By was 1 mg in all 
instances. It can be seen again (Table III) 
that the administration of this dose of the 
vitamin by mouth brought about a definite in- 
crease within three hours, the exception being 
H. D. who did not show the standard response 
(an increase of 150 wug/ml). Upon re-test, 
two weeks later, it was found that H. D. gave 
a very marked response with an increase of 
350 wug/ml in two hours. These results again 
demonstrate the low initial vitamin B1. serum 
level and the ability of totally gastrectomized 
subjects to respond to a 1,000 ug test dose of 
vitamin By given by mouth. It should be 
noted that the vitamin Bi. serum level of the 
gastrectomized subjects returned to the original 
low values in about two weeks. 

The absorption of vitamin Bi: by gastrecto- 
mized subjects was determined with the uri- 
nary excretion test at two levels of oral intake, 
namely, 2 and 1,000 ug. Thus, subjects H. D. 
and W. H. C. were given 2 ug of cobalt®- 
labeled vitamin By (specific activity = 180 
uc/mg) by mouth followed by the injection of 
1 mg of unlabeled vitamin By: two hours later. 
‘t was found (Table IV) that the total amounts 
of radioactivity which appeared in the 24- 
hour urine specimen were 0.18 and 2.8 per 
cent, respectively; whereas, our experience’’ 
shows that healthy subjects with intact stom- 
achs would excrete about 10 per cent of this 
orally administered dose. Thus, the gastrec- 
tomized subjects, like those with pernicious 
anemia, absorbed a small amount of the orally 
fed vitamin Biz. However, when 1,000 ug of 
this vitamin, prepared by mixing 2 ug of radio- 
active vitamin By with 998 ug of unlabeled 
vitamin By, was fed to four totally gastrecto- 
mized subjects (two of them received 2 ug 
radioactive vitamin Bi: in the previous test), 
it can be seen that at the higher dose, as much 
as 36 ug (M. L.) of vitamin By representing 3.6 
per cent of the administered dose, appeared in 
the urine. This amount represents only a small 
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TABLE III 
Oral Tolerance Test for Vitamin B,. Absorption by Gastrectomized Subjects 
Vitamin Bi: serum levels 
Dosage 

ib. ‘ 3 8 16 28 
E. W. 1.0 35 1,450* 1,750* 193 97 47 
H. D. 1.0 41* 52 122 41 29 — 
J. P. 1.0 35 550* 580* 82 55 23 
J. W. (a) 1.0 <50 198 262 70 58* 58* 
Ww. J.C. 1.0 41 286 373 111 60 53 


* = approximately. 


fraction of the absorbed vitamin B, and is con- 
siderably larger than that excreted by non- 
gastrectomized subjects under similar test con- 
ditions. These data, therefore, indicate that 
the rise in the microbial activity in serum 
following oral administration of a large dose is 
due to the increased absorption of the orally 
administered vitamin. 


TABLE IV 


Urinary Excretion Test of Radioactive Vitamin By 
Absorption by Gastrectomized and Non-gastrectomized 


Subjects 
Adminis- 
tered 

Subject radioactive 

(gastrec- vitamin 

tomized) Bu Radioactivity in 24 hr urine 

ug mug % 
H. D. 2 3.6 0.18 
W. H.C. 2 55 2.8 - 
H. D 1,000 22,000 2.2 
E. W. 1,000 12,000 1.2 
M. L. 1,000 36 ,000 3.6 
W. H.C 1,000 27,000 2.7 
(Non-gastrec- 

tomized) 
5 subjects 2 220 + 15 11.0 
5 subjects 1,000 3,600 + 580 0.36 


The Importance of Physical State and Chem- 
ical Substances with which Vitamin By Is 
Incorporated: (1) Effect of administration in 
divided dosages on urinary excretion. The 
cobalt®-labeled vitamin By in various amounts 
(2.0 ug, 8.0 ug, and 50 ug)* was given by mouth 
to two groups of clinically healthy subjects. 

* The total radioactivity taken by each individual 


was 0.36 we, regardless of the total dosage of vitamin 
Br. 


One group received one of the above mentioned 
quantities in one single dose in 20 ml of water 
with additional 50 ml water in five portions for 
rinsing. The second group received the same 
amounts of radioactive vitamin By. in four 
divided doses at intervals of 15 minutes. The 
total water intake, including that used for 
rinsing purposes was the same for both groups. 
Results tabulated in Table V demonstrate that 
the administration of a total amount of 2 ug in 
divided doses resulted in a slight increase in the 
radioactivity in the 24-hour urine over the 
group receiving the same amount of radioactive 
vitamin By in single doses. The difference, 


TABLE V 


Effect of Administration in Divided Dosages on 
Urinary Excretion of Radioactive Vitamin Bj. 


Num- 
Total ber mug of 
mce of Biz in 
adminis- sub- 24-hour p* 
Expt. tered |Doses| jects urine* value* 
A 2.0 4 5 | 256 + 30 >0.05 
2.0 1 5 220 + 16 
B 2.0 4 8 | 24424 38.1] >0.05 
2.0 1 8 | 210+ 21.3 
A 8.0 4 5 | 500+51.2| <0.05 
8.0 1 5 | 335 + 38.7 
B 8.0 10 | 486+39.2} <0.01 
8.0 1 10 | 330+ 18.1 
A 50.0 +4 5 | 680+ 42.1; <0.05 
50.0 1 5 | 502+ 38.0 
B 50.0 4 8 | 721+66.4| >0.05 
50.0 1 8 | 561 + 60.2 
Cc 50.0 7 574 + 42.2 | <0.05 
50.0 1 7 | 454+ 34.8 
D 50.0 4 7 | 602+39.8| <0.02 
50.0 1 5 | 442+ 28.2 


* Probabilities of differences in the means as deter- 
mined by the Fisher test, 
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however, is not statistically significant. When 
the doses were increased to 8 or 50 ug, a sig- 
nificant increase in the urinary excretion was ob- 
served in six separate experiments involving the 
use of 70 healthy individuals, in favor of the 
divided doses. It was thought to be plausible 
that the effect of the divided doses of 8 ug or 
more may be due to the insufficiency of intrin- 
sic factor needed for the absorption of this 
large amount of vitamin By. When a non- 
inhibitory intrinsic factor concentrate was 
used, actual enhancement in the urinary excre- 
tion was observed. Thus, one group of twelve 
subjects receiving 50 ug of radioactive vitamin 
By alone excreted on the average 512 + 37 
mug of radioactive vitamin By in 24 hours, 
whereas another group of 12 subjects given 
50 mug of radioactive vitamin By plus four 
daily oral doses of an intrinsic factor concen- 
trate (Neofactrin®)* gave a mean value of 
628 + 41 ug; the difference is statistically sig- 
nificant. In a like manner, it was found that 
when 25 ug of vitamin Bj. were co-administered 
daily with non-inhibitory intrinsic factorf to 
15 pregnant women from their third trimester 
to the time of delivery, the average vitamin 
By serum level was increased from 150 + 21 
pug/ml to 185 + 15 pug/ml. However, when 
25 wg of vitamin By. alone was administered to 
another 15 pregnant women, the vitamin Bi 
serum level dropped from 168 + 15 pug/ml to 
111 + 12 pyg/ml. 

(2) The physical state of vitamin By ad- 
ministered: Inasmuch as the site and the 
mechanism of absorption of vitamin By are 
poorly understood, we wished to ascertain 
whether the physical state in which the vita- 
min By: is to be administered may play an im- 
portant role in absorption. In experiment I, 
two groups of subjects were administered 2 
ug of radioactive vitamin By in hard gelatin 
capsules (a) containing other vitamins, or in 
solution (b), respectively. Two yg of radio- 


* Neofactrin was kindly supplied by the Stuart 
Company. 

t We wish to thank Stuart Company for their supply 
of Prenatal capsules. The intrinsic factor preparation 


used contained intrinsic factor activity according to 
the standard U.S.P. test and would also aid absorption 
of orally administered vitamin Bj: by clinically healthy 
subjects according to the urinary excretion test. 
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active vitamin Bj, was injected quantitatively 
with a syringe into the capsule, which was sub- 
sequently sealed with molten gelatin. The 
fluid intake, including that for rinsing, of both 
groups of subjects at the time of testing, was 
limited to 60 cc of water. Two hours after the 
administration of the radiovitamin, each sub- 
ject received intramuscularly 1,000 ug of the 
unlabeled vitamin. The total radioactivity in 
the 24-hour urine specimen was measured by 
scintillation counting. It can be seen (Table 
VI) that two out of six subjects (group A, ex- 


TABLE VI 


Effect of Capsule on Urinary Excretion of Radioactive 
Vitamin By, in Six Subjects 


Experiment I Experiment ITI 


A* Bt A* Bt ct 


226 240 180 276 194 
50 210 30 198 210 
40 170 200 208 246 

200 190 240 230 310 


176 220 36 176 188 
152 230 76 290 146 
Mean | 140.6 +} 210+ | 1274 | 229+ |215.7+ 


31.9 10.7 37.1 18.4 


All figures are myg of radioactive vitamin By in the 
24-hour urine. 

Subjects used in group A (experiment I) were same 
as those in B (experiment II). 


Subjects used in group B (experiment I) were same 
as those in A (experiment IT). 


Subjects used in group C (experiment II) were dif- 
ferent subjects. 

* A = capsule (Gevral + 2 mcg vitamin Bjs) vita- 
min By was injected and sealed. 

B = 2 mcg vitamin 

t C = 2 mcg vitamin By* + content of Gevral® in 
suspension. 


periment I) receiving capsules excreted unusu- 
ally small amounts of radioactivity in the urine, 
whereas those receiving the same amount of the 
radiovitamin in solution excreted uniformly 
pure. Three months afterwards, the same 
subjects were again used for testing, except that 
those who had previously received vitamin Bi. 
in solution, now received it in capsules. A 
third group (C) of individuals was also used. 
They received, in solution, the same vitamins 
that group A received in the capsules, in order 


> 
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to be certain that the observed differences were 
not due to any reaction between vitamin Bi: 
and some chemical substances. Three subjects 
who showed normal excretion patterns upon the 
receipt of vitamin By in solution now excreted 
small amounts of radioactivity in the urine. 
The results demonstrate that the vitamin Bis 
in these specific capsules was not absorbed uni- 
formly well by the test subjects, possibly be- 
cause the capsules did not dissolve with suffi- 
cient rapidity in some subjects. 


TABLE VII 
Composition of “Elixir” 


Ingredients Per 5 ml 


Vitamin By: (crystalline) 
Riboflavin 
Niacinamide 
Pyridoxine 
Betaine (anhydrous) 
Choline dihydrogen citrate 
Inositol 
Ferric pyrophosphate 
Caffeine citrate 
Alcohol 

(Sorbitol used as vehicle) 


8.34 ug 
0.6 mg 
7.0 mg 
2.0 mg 

700.0 mg 
150.0 mg 

150.0 mg 

35.0 mg 

65.0 mg 

15 


These findings on the relatively poor absorp- 
tion of vitamin By: provided in these specific 
capsules received additional experimental con- 
firmation from another study with three groups 
of elderly subjects (clinically healthy and am- 
bulatory residents of the Institute of Geriatrics 
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sule of the same composition of that used in 
Group A, except vitamin B22. was absent. 

Group C—25 ug of vitamin B, in a lipotropic 
elixir? (Smith, Kline and French Laboratories*). 

Serum specimens were obtained from the sub- 
jects in all three groups at regular intervals for 
the determination of the vitamin By activity. 
The results of this study are tabulated in Table 
VIII. The initial serum vitamin By levels in 
all three groups were low and statistically in- 
distinguishable. One month after treatment, 
the serum vitamin Bi: level of those receiving 
the elixir was elevated significantly. After 
four months, there was only a slight increase in 
group A, but marked increases in groups B 
and C. The elevation was more pronounced in 
Group C than in group B. Six months after- 
wards, the level of group A was essentially the 
same as that of group C after only one month 
of administration at one-quarter of the daily 
dose. Treatment with 100 ug of vitamin By 
in solution for six months resulted in an eleva- 
tion equal to that of 25 ug of vitamin By in an 
elixir administered for four months. 

Effect of Pyridoxine Deficiency: The effect 
of pyridoxine deficiency’ on the absorption of 
vitamin By, was studied with adult male and 
female rats. After ten weeks of feeding a 
pyridoxine-deficient diet, the male animals 
lost 18 g each, whereas those treated with 
pyridoxine gained 54g each; thus, the algebraic 
difference between the changes in mean body 


TABLE VIII 
Physical State of Administration of Vitamin B,. 


Serum vitamin Bi: levels in uug 
months after treatment 
pug/ml 


Vitamin Form 
Bie/day of administration 0 
ug 


1 4 6 


100 Capsule 
100 Aqueous 
solution 
25 SKF elixir 


116 + 21 — 
112 + 19 


192 + 29 
456 + 38 


230 + 36 
662 + 41 
120 + 17 


226 + 15 675 + 51 = 


in New York). Three groups of 12 subjects 
each received daily the following treatments: 
Group A—100 ug of vitamin By in a hard 
gelatin capsule containing other vitamins. 
Group B—100 ug of vitamin By in an 
aqueous solution together with a vitamin cap- 


weights of these two groups was 74 g. The 
mean body weight of the treated female con- 
trols remained unchanged after ten weeks, but 
was 33 g higher than those of pyridoxine-de- 


* See Table VII for composition of elixir. 
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ficient female rats. The results tabulated in 
Table IX demonstrate that the radioactivity 
in the fecal matter of the pyridoxine-treated 
male and female rats is consistently and sig- 
nificantly lower than those of the deficient rats, 
while the urinary excretion of the treated ani- 
mals is higher than that of the deficient ani- 
mals. The radioactivity in the target organs, 
such as liver and kidneys, is higher in the 
treated animals. It is of interest to note that 
radioactive vitamin By. present in the gastro- 
intestinal tract is highest among the deficient 
animals. These data taken as a whole suggest 
an impairment of vitamin By absorption re- 
lated to pyridoxine deficiency. 

If the impairment of vitamin B,». absorption 
elucidated above were due to pyridoxine de- 
ficiency, it may be expected that repletion with 


TABLE IX 
Effect of Pyridoxine Deficiency on Absorption of Vitamin Bi» 
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of vitamin By, and this can be fully corrected 
by treatment with pyridoxine. 


DISCUSSION 


In spite of the availability of radioactive 
vitamin By little progress has been made in 
understanding the sites where the absorption of 
vitamin Bi: can take place. While various 
methods have been proposed to estimate the 
absorption of vitamin By, each method has its 
own innate shortcomings which requires cau- 
tious interpretation of the results. For ex- 
ample, the interpretation of data obtained from 
the commonly used Schilling test,® as a meas- 
urement of vitamin By. absorption, assumes 
equal retention of absorbed vitamin Bi. by 
tissues of test subjects. Since the amount of 
vitamin By: retained by the tissues is much 


Radioactivity 
(per cent of oral dose) 


Treatment Feces Urine 


Liver Kidney G.I. Tract 
Adult male rats 
Pyridoxine deficiency 49.4+3.4* | 2.03+0.24 6.2+0.71 7.4+0.40 10.8+0.78 
Pyridoxine treated 36.444.2 3.25 +0.49 8.0 + 0.60 8.8+0.17 8.6 + 0.65 
Adult female rats 
Pyridoxine deficiency 50.8+3.2 1.22 +0.12 6.2+0.31 5.9+0.49 10.1 +1.20 
Pyridoxine treated 42.322.7 1.92 +0.45 9.2+0.45 10.5+0.05 9.1+1.01 


* Standard error of the mean. 


this vitamin will correct this defect unless the 
damage is irreversible. To this end, 12 young 
rats (group A) were placed on pyridoxine-de- 
ficient diets for a period of five weeks. A like 
number of animals (group B) were offered the 
same diet, but were treated with pyridoxine by 
injection. Five weeks later, six rats from 
group A, and an equal number from group B 
were randomly selected and given the oral test 
for vitamin By. absorption with the procedure 
previously described. At the same time, the 
injection of pyridoxine to the remaining six 
rats in group A was started and was withdrawn 
from group B. This treatment was continued 
for eight weeks at which time the vitamin Bi 
absorption test was again applied. Our re- 
sults (Table X) support our conclusion that 
pyridoxine deficiency impaired the absorption 


greater than that excreted in the urine even 
after ‘flushing’ by massive doses of unlabeled 
vitamin By, any small differences in tissue re- 
tention of vitamin Biz. among different subjects 
may magnify the amount of urinary excretion. 
The fecal excretion procedure may appear to 
provide a direct measurement? of absorption of 
vitamin By. However, it ignores the possi- 
bility that absorbed vitamin Bi. may be ex- 
creted through the bile and finally in the feces. 
This pathway of vitamin By elimination was 
demonstrated by Okuda et al.'* The oral 
tolerance test is time-consuming and useful 
only for semiquantitative comparison. How- 
ever, it need not involve the use of radioactive 
vitamins. Therefore, to understand the mecha- 
nism of absorption of vitamin By and the 
functions of various organs in the gastrointes- 
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tinal tract, the use of various types of patients 
may yield more informative data. For ex- 
ample, it was shown that feeding of radioactive 
vitamin By to totally gastrectomized subjects 
in small doses resulted in impaired absorption. 
On the other hand, if this vitamin is fed in 
large doses, the amounts of vitamin By ap- 
pearing in serum or urine of gastrectomized 
subjects are higher than in normal subjects. 
From such data one may conclude that the 
absorption of vitamin By: can take place in the 
absence of stomach, depending on the dose ad- 
ministered. Since absorption of vitamin By 
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jects without a stomach. Therefore, it must 
occur in the intestines or sublingually. 

Absorption can be increased by the divided 
dosage schedule. 

The absorption of vitamin By: in clinically 
healthy subjects is partially dependent on the 
physical state in which it is administered. 
Vitamin By given in aqueous solutions to nor- 
mal subjects is better absorbed than that given 
in a specific type of capsule. 

Vitamin By absorption is also impaired by 
vitamin Be deficiency, and can be improved by 
subsequent administration of pyridoxine. 


TABLE X 
Effect of Pyridoxine Repletion on Absorption of Vitamin Bj: of Pyridoxine Deficient Female Rats 


Average body weight 


Radioactivity in per cent of administered dose 


Treatment Initial 
& 


End of 
5 weeks 


End of 
13 weeks Urine Liver 


Kidneys 


Pyridoxine deficient 76 + 

(12) 

782+ 
1.4 


(12) 


Pyridoxine treated 


First 5 weeks (pyridoxine deficient) 
Second 8 weeks (pyridoxine injection) — 


First 5 weeks (pyridoxine injection) 
Second 8 weeks (pyridoxine deficient) 


* Standard error of the mean. 


Parentheses around numbers indicate number of rats used. 


can take place, it is possible tuat the absorption 
of this vitamin could be affected by the divided 
dosage schedule and by the physical states in 
which vitamin By: is administered. This belief 
is substantiated by the results of our studies in 
which it is shown that the amount of vitamin 
By: absorbed is dependent on the physical state 
administered. Thus, vitamin By contained in 
at least one type of hard gelatin capsule is not 
uniformly absorbable; vitamin By in aqueous 
solutions is absorbed more easily. 


SUMMARY AND CONCLUSIONS 


Data have been presented to show that ab- 
sorption of vitamin By: can take place in sub- 
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Problems Connected with the Possible Use 


of Plankton for Human Nutrition 


Ernest GEIGER, M.D., PH.D.* 


VER SINCE it was recognized that proper 
nutrition of the world population repre- 
sents a global problem of the highest impor- 
tance, economists and nutritionists have been 
steadily searching for new sources of food sup- 
ply. Besides the terrestrial sources which, ac- 
cording to some predictions, may not be able to 
keep up with the growth of the population, the 
ocean has been considered as the most promis- 
ing source of nutrients. Today only a small 
fraction of the food grown in the ocean is uti- 
lized for human nutrition in the form of some 
surface fishes and other ‘‘sea foods.’’** Besides 
these, however, two further and possibly much 
richer sources are not yet even tapped, One 
of these is the so-called deep sea animal which 
lives in the bathypelagic zone and the other 
food source is represented by the drifting 
minute organisms known as zooplankton. 

According to some authors the idea of utiliz- 
ing the ‘“‘pastures” of the ocean for food pro- 
duction is an ancient one, and Melville quoted 
in Moby Dick, as a proof, the following passage 
from Obed Macy’s History of Nantucket, “In 
the year 1690 some persons were on a hill ob- 
serving the whales spouting and sporting with 
each other when one observed: ‘There’— 
pointing to the ocean—‘is a green pasture 
where our children’s grandchildren will go for 
bread.’ 

Such predictions were however probably 
nothing better than poetic visions because the 
existence of plankton was discovered, accord- 
ing to some authors, only in 1828 by the British 
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Army Surgeon Vaughn Thomas. Officially, 
however, the great physiologist Johannes 
Miller is credited with the first description of 
planktonic life in 1847.17 He used a tow net 
for the first time for collecting plankton and 
reported the amazing richness of minuscule 
animals present in the ocean water around 
Helgoland. In 1872 the famous Challenger 
expedition supplied further important data to 
the morphology and ecology of plankton. The 
first official step toward the practical use of 
plankton for human nutrition seems to be the 
request of Sir John Graham Kerr in 1941 when 
he asked the British Parliament to investigate 
the harvesting and use of plankton as a possible 
means of relieving the food shortage resulting 
from the German submarine warfare. During 
the Second World War experiments were also 
initiated and supported by the United States 
Government, investigating the possible use of 
plankton as emergency food for survival on life 
rafts! The actual information on composition 
and nutritive value of plankton supplied by 
this investigation is, however, very meager. 
It seems therefore that no actual data but 
wishful thinking is responsible for the assump- 
tion, discussed in many recent papers, that 
marine plankton represents a large source of 
food and that it is only a question of tech- 
nology of harvesting and of economics to 
make this material available for practical 

In the following we intend to analyze from a 
nutritional viewpoint the available data in the 
scientific literature.* 


*A very good review of “The Role of Algae and 
Plankton in Medicine” has been recently published 
by M. Schwimmer and D. Schwimmer, Grune and 
Stratton, Inc., New York, 1955. 
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Plankton represents a mixture of drifting 
microscopic plants and small animals which are 
distinguished as phytoplankton and zooplankton 
respectively. The main importance of the 
phytoplankton is that they serve as good con- 
verters of radiating energy to food on which the 
herbivorous zooplankton thrives.“* The repre- 
sentatives of phytoplankton are usually too 
small (5 to 20 mm) to be harvested and most of 
them cannot be separated even by regular cen- 
trifuges. They represent, in fact, a nuisance 
in harvesting of zooplankton because they clog 
the holes of the nets. 

The zooplankton represents a general cate- 
gory of drifting invertebrate life and not any 
particular species. The size of the zooplankton 
varies between 0.5 to 50 mm and the relative 
participation of the different component species 
shows considerable geographic and seasonal 
variations. These changes in the species 
composition of the plankton will have to be 
considered in evaluation of the available 
quantitative data which are based generally 
on an overall analysis of some plankton sam- 
ples. 

Copepods, crustaceans, living on phyto- 
plankton, pelagic tunicates and shrimp-like 
euphasids are the most important foods for 
fish and whales. The medusa and the cteno- 
phores present in zooplankton are very vora- 
cious animals living on small zooplankton. 
Others present are syphonophores, satittae, 
fish eggs, and fish larvae. 

The “dry weight” of the zooplankton varies 
between 14, 11, and 5 per cent according to the 
preliminary treatment such as squeezing, wash- 
ing with sea or fresh water. The general com- 
position of zooplankton,” based on a mixed 
harvest, is as follows: 


% of dry weight 
Protein 52 to 59 
Fat 4to 7 
Ash 19 to 32 
Carbohydrate 13 to 17 


(by difference) 


The protein content is calculated by multi- 
plying the total nitrogen content by 6.25. We 
do not know, however, how much of this nitro- 
gen is actually present in available protein. 
The data on the amino acids present in plank- 
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ton protein are quite unsatisfactory.!2 Most 
of the essentials seem to be present but their 
relative quantities and their biologic avail- 
ability have not been investigated as yet.” 

The composition of fat is, according to sev- 
eral authors, very similar to the fat extracted 
from fish.” It is characterized by long chain 
highly unsaturated fatty acids. It is probable, 
therefore, that these easily oxidizable fatty 
acids affect the nutritional value of the plank- 
ton itself.*° Some specific sterols’? have been 
isolated from zooplankton but their biologic 
effect has not yet been investigated.” 

The inorganic composition of some species 
present in zooplankton is well discussed in 
Vinogradov’s monumental work* which was 
recently published in an English translation by 
Yale University. (A relatively high magne- 
sium, silicon, iodine, iron, and arsenic content 
is characteristic. Plankton is relatively low in 
available calcium and sulphur.) (Table I.) 


TABLE I 
The Average Inorganic Composition 


% of dry weight 

Chlorine 14.9 

Sodium 

Phosphorus 0.76 
Potash 1.42 
Calcium 0.96 
Magnesium 1.29 
Sulphur 0.71 


The vitamin A content was first investigated 
by Drummond!* who found that cod receives 
its vitamin A through several intermediaries 
such as copepods, larval decapodes, and mol- 
lusca which are present in plankton. The in- 
vestigation of the actual vitamin A content of 
zooplankton with the growth test, with the 
antimony trichloride test, and with the absorp- 
tion spectrum gave, however, negative results. 
It was therefore assumed that zooplankton 
contains some precursors of vitamin A. Re- 
cent investigations have shown that all pro- 
vitamin A activity resides in the non-carotinoid 
fraction of the plankton oil. This shows that 
fish use zooplankton pigments other than com- 
mon carotinoids for the elaboration of vitamin 
The question arises naturally 
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whether this material can be used also by 
mammals for formation of vitamin A.* 

The vitamin D content of plankton,** gave a 
weakly positive result with the line test, but 
with the x-ray examination a negative result 
was obtained. It was shown that the vitamin 
D content of zooplankton was negligible. 
Provitamin D seems to be present in consider- 
able quantities. The literature on the nia- 
cin,*4 vitamin C, and vitamin B* content is very 
meager. We did not find any data on the 
vitamin By content. Recent investigations 
show that some marine bacteria are excellent 
producers of vitamin B, and therefore we may 
assume that zooplankton may be a good source 
of this factor. 


THE NUTRITIVE VALUE OF PLANKTON 


The nutritive value of phytoplankton seems 
to be somewhat similar to that of grass. There- 
fore, it does not seem to represent a better 
potential source of protein than grass grown on 
pastures. An additional disadvantage is the 
very high mineral content of the diatomes pres- 
ent in phytoplankton. The preceding indi- 
cates that the available data on the composi- 
tion of zooplankton are not sufficient to draw 
any conclusions as to its nutritional value. 
The inference is usually indirect and is based 
on the so-called “nutritional pyramid’’ which 
shows that phytoplankton on the base of this 
pyramid supplies food for zooplankton, for 
oysters, mussels, and cockles, and that this 
herbivorous zooplankton represents then the 
food for the larger fishes and for the marine 
mammals.” Particularly the fact that some 
whale varieties that live nearly exclusively on 
plankton (Krill, euphasia superba) grow to 60 
feet in length in two years led to the conclusion 
that zooplankton must be an excellent food for 
terrestrial mammals also. This conclusion is 
subject to further investigation because we 
do not know presently (a) the nutritive re- 
quirements of the whale; (b) the particular 
digestive faculties of this mammal; (c) the 
efficiency of food conversion. 

We do know, however, that the food require- 
ments of terrestrial mammals such as, for in- 
stance, that of horses, of men, and of lions are 
quite different and therefore it does not seem to 
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be permissible at this time to draw far reaching 
conclusions from the feeding habits of the 
whale. 

Before the Second World War German scien- 
tists had claimed that phytoplankton has a 
nutritive value similar to that of rye flour and 
that zooplankton is equivalent in its nutritive 
value to the best meat. Unfortunately no 
data have been published which would support 
these occasional claims. As a further proof for 
the nutritive value of zooplankton, it is usually 
mentioned that the Chinese and some Scan- 
dinavian nations use zooplankton as a base for 
a tasty paste with a shrimp-like flavor. Fi- 
nally, Thor Heyerdahl,”* in his report of the 
Kon-Tiki voyage, mentioned that zooplankton 
consisting of copepods, pelagic crabs and other 
crustaceans, of fish eggs and fish larvae was 
consumed by some members of the crew. No 
information is given however on how much of 
this material was consumed and what other 
food was eaten at the same time. These re- 
ports therefore show only that zooplankton can 
be eaten but do not say anything about its 
nutritional value or about its effect on the 
digestive organs when consumed chronically in 
considerable quantities. 

The only approach to evaluate the nutritive 
value of zooplankton experimentally has been 
attempted by Clarke and Bishop.® These 
authors investigated the growth and survival 
of weanling rats for a period of 13 days and of 
adult rats for a period of 22 days. The plank- 
ton used was obtained from the Vineyard 
Sound and was frozen at — 18° C after reaching 
the laboratory. It was squeezed with moderate 
pressure to remove excess sea water and con- 
tained about 14 per cent of dry material. The 
diet mixtures were prepared on the basis of the 
dry weight. As control feed Purina-Growena 
was used. Rats fed on plankton only lost 
weight rapidly and died within 4 to 19 days, 
but survived about 30 per cent longer than 
controls on total starvation. Rats fed on a 
diet composed of two-thirds meal and one-third 
plankton and two-thirds plankton and one- 

third meal failed to grow as fast as rats on a 
full diet. The authors do not present detailed 
data on food consumption but state only that 
the rats ate only about two-thirds of the ration 
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offered when it contained plankton. They, 
therefore, arrive at the conclusion that the 
rats derived some nourishment from plankton 
but were able to assimilate only a small frac- 
tion of it. They observed also that the stom- 
ach of the animals contained undigested 
material and that fecal material was congested 
in the cecum and in the “hind’’ intestine. 
They investigated also the effect of plankton 
consumption in man. About these experi- 
ments they write as follows: 


“No toxic effects developed after eating 100-200 
grams (wet weight) of the material during the course of 
aday. The maximum quantity eaten by any one of 
the subjects at one time was 100 grams. Larger 
amounts were definitely unacceptable and distasteful. 
It is probable that psychological factors entered into 
the matter of the palatableness and digestibility of the 
plankton in the laboratory and at sea. Such factors 
are not easy to evaluate. It was certainly true that a 
quantity of only 30-40 grams of plankton gave the im- 
pression of remaining undigested in the stomach for 
several hours after eating.” 


Clarke and Bishop performed these experi- 
ments with particular observation of life raft 
conditions and came to the following conclu- 
sions: 

“Plankton with the observed chemical composition 
was calculated to have an approximate maximum en- 
ergy content of 4 cal./g. dry weight. The 2400 cc. of 
plankton which could theoretically be obtained from a 
life raft in 24 hours would thus provide 788 calories, if it 
could all be assimilated, or about !/, of a man’s average 
daily requirements.” 

A critical review of Clarke and Bishop’s re- 
sults shows that their methods were not up to 
the present standards by which nutritional 
experiments should be designed. Some of the 
objections are that the rats consumed much 
smaller quantities from the diet containing 
plankton than from the control diet. Further- 
more, we see that due to the high water content 
(8 per cent) of the experimental diet, too large 
quantities have been offered. The high water 
content of the diet may lead to an abnormal 
dilution of the digestive juices. The high salt 
content of the diet may have influenced the 
utilization. Furthermore, large quantities of 
undigested material were stagnating in the in- 
testinal tract. This may have influenced not 
only the utilization of the diet itself but also 
the important nutritional function of the in- 
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testinal flora. It is quite amazing that Clarke 
and Bishop’s experiments were widely publi- 
cized without pointing out the weak points in 
their experimental approach. It is surprising 
also that no other fundamental investigations 
on the nutritive value of zooplankton have been 
published. In our opinion, the experiments of 
Clarke and Bishop do not supply enough ma- 
terial to draw any conclusion as to the food 
value of zooplankton. 


ECONOMIC PROBLEMS 


A not negligible problem seems to be the 
economics of zooplankton collection. Before 
this question and the technical approach of 
harvesting can be seriously considered, the 
following matters will have to be clarified: 
first, whether zooplankton can be used directly 
for human nutrition or indirectly by feeding it 
to poultry and to other livestock. In this 
connection we will have to consider that pres- 
ently large quantities of low-priced protein 
supplements with high biologic value are avail- 
able such as fish meal, meat scrap, or blood 
meal. We also have to realize that the chemi- 
cal industry recently made some essential 
vitamins and amino acids available at prices 
which are generally much lower than the cost 
of production from natural material. 

A further problem is one of locating which 
are the best harvesting grounds and- the best 
seasons to collect zooplankton.*:*?:48 The var- 
iability of plankton" is such that it would be 
exceedingly difficult to predict what type and 
what amount would be encountered in any 
given situation, at least until that area has 
been studied for a long time.'** It was found 
by several authors that the distribution of zoo- 
plankton”:** is patchy, that there are abrupt 
changes in composition as well as in amounts, 
that there is a vertical diurnal variation so that 
some species climb several hundred feet in the 
evening toward the surface of the ocean. Be- 
sides this, there is the recently discovered sea- 
sonal vertical variation in plankton distribution. 
Also recently described as an important source 
of zooplankton is the scattering layer®® which 
exists between 900 and 2,700 ft and = ap- 
proaches the surface between sunset and 
sunrise and which consists mainly of small crus- 
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taceans. We have to realize furthermore that 
the grovth of zooplankton depends on the 
available phytoplankton.*!:*.*.5! The phyto- 
plankton™:* needs sunshine and minerals for 
its development and if the minerals are ex- 
hausted, or if the water is not plowed, i.e., if 
the minerals are not replaced from the deeper 
layers, the phytoplankton dies.*!:*® This mix- 
ing with deeper water or with river water oc- 
curs at the shallow coasts of West Africa and 
the western South American coast.* Investi- 
gations in the North Atlantic show a main 
flowering in spring and waning of the popula- 
tion in summer and a second crop in autumn 
or winter. Not well explained, however, is 
the abnormally high density in the high lati- 
tudes near the Poles. 


The question as to the feasibility of collect- 
ing plankton has been discussed by scientists 
and lay authors and we have to realize that 
both usually go “overboard”’ in their predic- 
tions.* Some authors, for instance, claim 
that the sea yields from one to three tons of or- 
ganic material per acre per year. This means 


about as much as one acre of forest. Because 
the ocean represents about 70 per cent of the 
earth’s surface the sea produces about twice as 
much as the land.‘? Other authors, however, 
do not agree with these calculations, and Niel- 
son assumes that plants in the ocean fix 12 
million tons of carbon yearly compared with 
the 19 million tons fixed by land plants.**:” 
Most of these estimates include phyto and zoo- 
plankton. . The actual yield on zooplankton 
was experimentally determined by Bigelow 
and Sears‘ who found in the upper water layers 
during maximal production 0.5 to 0.8 ml zoo- 
plankton per m* of water. Clarke and Bum- 
pus found in the shallow stratum 0.3 to 1.9 ml.® 
Heyerdahl obtained during one day 2.5 to 5 kg 
of zooplankton. Hardy” predicts that with 
suitably constructed nets two men could col- 
lect daily 588 Ib of plankton on the coasts of 
Scotland “enough to feed 357 people.’”” We 
think however, that it should be added: “‘pro- 


*It was suggested recently, in an article based on 
sheer speculation, that trawling of krill in the Antarctic 
area, may be more profitable than whaling and may 
help to solve the world’s food protein shortage. (W. E. 
Pequegnat: Scient. Amer. 198: 84, 1958.) 
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vided that people would eat, digest, and utilize 
the zooplankton.’’ A further complication 
seems to be that zooplankton cannot be har- 
vested without admixture of some phyto- 
plankton. 

The collection of phytoplankton always rep- 
resents a hazard because there are different 
highly toxic representatives known, for in- 
stance Gonyaulax catenella in. the California 
waters and Gymnodium dinoflaggalates which 
produce extensive fish mortality. We have 
to assume that there are many other toxic 
plankton forms living in different geographic 
locations which may lead to poisoning of fish or 
which turn otherwise edible fish and seafood 
into a highly toxic food."* Another danger in 
consumption of plankton may be the swallow- 
ing of stinging forms as for instance the con- 
sumption of Portuguese Man-O-War may have 
serious consequences. 

We want to emphasize that instead of har- 
vesting zooplankton it would be more realistic 
and more economical for the time being to in- 
crease the catch of herring-varieties, of man- 
haden and “trashfish.”” This could be done 
easily provided the human demands for this 
nutritious food were augmented. In many 
countries where the animal protein is not avail- 
able in sufficient quantities, the most urgent 
problem seems to be the preservation of the 
fishcatch in palatable form ready for transpor- 
tation from the fishing areas to the interior.*! 

The reluctance to accept fishflour as food in- 
gredient for human consumption, as observed 
recently in many “underprivileged’”’ countries, 
in my opinion, raises a serious doubt as to 
whether dried zooplankton will ever be ac- 
ceptable as protein supplement for human nu- 
trition. 

It seems that first the problems connected 
with the nutritive value of plankton and the 
feasibility of feeding it to men and animals must 
be solved, and then the different harvesting 
territories will have to be investigated for pos- 
sible contamination of the crop with toxic ma- 
terial. This latter problem seems of minor im- 
portance, however, because of the geographic 
and seasonal limitation of toxic forms. 

A further problem in plankton collection is 
the development of efficient harvesting and 
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drying equipment.* Recently excellent rotary 
filters and driers have been developed for other 
purposes and it seems that such equipment 
could be well adapted for plankton harvesting. 
The final step in connection with our problem 
seems to be the evaluation of the economics of 
plankton collection in dollars and cents. Our 
present abundance of food resources seems to 
be responsible for the fact that this question 
has never been actually investigated. Until 
now there has not been an urgent necessity to 
solve or even seriously study these problems, 
but we quote in this connection the following 
statements made by Lucas: “In the presence 
of certain alternatives there may not be the 
incentive to attempt to solve the technical 
problems which might easily—and profitably— 
be solved if these alternatives were no longer. 
The result might be a much cheaper source of 
food, in far greater quantity, than those whose 
abundance originally discouraged the urge to 
tap a new source.” 


SUGGESTIONS FOR FURTHER NUTRITIONAL RESEARCH 


Before any economic or technical problems 
connected with the utilization of plankton are 
seriously considered, the question should first 
be investigated whether plankton can be used 
as such or as a supplementary food for human 
feeding or for livestock nutrition. In order to 
clarify these points the amino acid composition 
and the digestibility of plankton protein will 
have to be investigated. 

Animal experiments may give information on 
the biologic value of this protein and on its 
efficiency as a supplementary food. The pos- 
sible presence of ‘“‘unidentified” growth factors 
may be studied and also the question whether 
the provitamins present in plankton which can 
be utilized by fish have the same nutritional 
importance in mammals and birds. It will 
also be necessary to study how the excess of 
minerals and particularly of some cations such 
as magnesium can be eliminated. 

The nutritive value of crops harvested at 
different localities should be compared. 

Finally, as a crucial experiment, plankton 
should be fed to man under well controlled 
conditions, controlling the utilization of plank- 
ton protein by nitrogen balance experiments. 
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These investigations may be time consuming 
and expensive but they would yield some basic 
answers to our problem. As such, they would 
represent a great service not only to the science 
of nutrition but also to humanity because they 
may answer the question of whether there is a 
short cut possible in the nutritional pyramid, 
i.e., Whether plankton can be utilized directly 


. for feeding of man and terrestrial animals. 


There is a possibility that the utilization of 
plankton for such purposes may not be feasible 
and that we will have to rely in the future also 
on intermediary food converters in the form of 
fish and other conventional seafoods which con- 
vert the nutrients present in plankton to a 
form which is acceptable to and can be utilized 
by man and terrestrial animals. 
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Nutritional Status of Selected 
Adolescent Children 


ASCORBIC ACID NUTRITURE ASSESSED BY SERUM 


LEVEL AND SUBCLINICAL SYMPTOMS 
IN RELATION TO DAILY INTAKE 
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eran is a period of great physiologic 
stress. Even so, this age has received 
comparatively little attention from the view- 
point of basic nutritional information. Some 
adolescent subjects have been included in as- 
corbic acid studies involving children of various 
ages.'~* A few studies have emphasized the 
14-to 16-year-olds.°-'* The main methods 
for assessing dietary adequacy and ascorbic 
acid nutrition have been dietary records and 
blood level of ascorbic acid. 

In the course of a comprehensive study of 248 
selected adolescent boys and girls in two areas 
of Washington State,'* information was ob- 
tained pertaining to ascorbic acid status. Die- 
tary intake, serum ascorbic acid, biomicro- 
scopic examination of the gums and of the 
epithelium of the upper arm, colored photog- 
raphy of the gums, and physical examination 
of the gums and of the skin of the upper arm 
were the indices available for the evaluation of 
ascorbic acid nutrition. In this report, cor- 
relations between food intake, serum ascorbic 
acid levels, and physical manifestations of 
ascorbic acid deficiency are discussed as well as 
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the ascorbic acid status of the selected adoles- 
cent subjects. 


PROCEDURE 


The selection of areas for study and the de- 
scription of subjects have been reported pre- 
viously.!* Yakima County, east of the Cas- 
cade Mountains and Snohomish County, west 
of the Cascades, were the two areas chosen. 
The subjects were 15- and 16-year-old boys 
and girls who had been born and reared in 
either of these counties. About 125 subjects 
were studied in each of the two areas. There 
were almost equal numbers of boys and girls in 
each age group in each area. 


Dietary Data 


Semiquantitative seven-day dietary records'® 
were the source of the information on ascorbic 
acid intake from food. Vitamin supplements 
were recorded separately. 


Serum Ascorbic Acid 


Serum ascorbic acid determinations by the 
method of Lowry, Lopez, and Bessey'! were 
made on fasting blood immediately following 
collection. 


Biomicroscopic Examination 

Examination of the gingiva and of the epi- 
thelium of the upper arm was made with the 
Bausch and Lomb Poser Slit Lamp. All bio- 
microscopic observations were made by the 
same operator. 
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The Gingiva: Hyperemia, swelling, infil- 
tration, pitting, recession of the interdental 
papillae, and recession at the dental margin 
were noted in the gingiva of the upper and 
lower gums. A qualitative value of ‘‘normal,”’ 
“slight,” “some,” “‘marked,”’ or ‘‘very marked”’ 
was assigned to each lesion. Each qualitative 
description was arbitrarily quantified by giving 
“normal” the value of 1; “‘slight,”’ 2; ‘‘some,”’ 
3; ‘‘marked,” 4; and ‘‘very marked,” 5. The 
average value was obtained for the entire gum 
for each subject because the upper or lower 
gingiva is not likely to be more affected than 
the other.“ The presence of any one of the 
symptoms was classified as a chronic condi- 
tion. The value for hyperemia plus swelling 
was obtained in addition to the above values 
and was considered to be an acute condition. 

The Epithelium of the Upper Arm: The 
posterolateral aspect of the left upper arm was 
examined for signs of hyperemia. This lesion 
was qualitated and quantified in the same man- 
ner as the gingiva. 


Colored Photography 


The gums of each subject were photographed 
using a Leica camera with 135 mm telephoto 
lens, 90-100 mm extension tube and ground 
glass copy attachment for focusing, Koda- 
chrome A film, a 81C Rattan filter and #6 G.E. 
flash bulb. The distance of camera from sub- 
ject was 11 inches. Each slide was evaluated 
as “good,” “‘fair,’’ or ‘poor’ for each of the 
lesions, hyperemia, swelling, recession of the 
interdental papillae, and recession of the dental 
margin. These qualitative values were arbi- 
trarily assigned quantitative values of “‘good,”’ 
1; “fair,” 2; and “poor,” 3. The lesions of 
each subject were further evaluated as acute 
or chronic. The colored-slide evaluation and 
biomicroscopic examinations were made by the 
same operator. Viewing distance from the 54 
X 40 inch screen was 9 feet. 


Physical Examination 

The epithelium of the upper arm and the 
gums were examined during the physical ex- 
amination of each subject. One physician 
made the examination in Snohomish County, a 
second physician in Yakima County. Peri- 
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follicular petechiae (hyperemia) of the arm 
were observed as ‘“‘mild,’’ ‘moderate,’ or 
“severe.” Gingivitis (swelling), recession of 
the interdental papillae, recession at the dental 
margin, and hyperemia were noted in the 
gums. The quantitative values for the quali- 
tative descriptions were ‘‘absent,” 1; ‘‘mild,’’ 
2; “moderate,” 3; “‘severe,”’ 4. 


Statistical Treatment of Data — 


Daily mean intakes of ascorbic acid and 
standard error of the means were obtained for 
both boys and girls from Snohomish and Yak- 
ima Counties. The arithmetic mean intakes 
were compared with the National Research 
Council Recommended Allowances.'® Since 
skewness was apparent, the geometric means 
and their logarithms were used in statistical 
treatments involving daily intake data. 

Blood serum ascorbic acid and the quantified 
values for the biomicroscopic observations, the 
colored photography evaluations and _ the 
physical examinations were expressed in terms 
of mean values for Snohomish County boys 
and girls and Yakima County boys and girls. 

Analysis of variance was used for compari- 
sons between groups. 

Correlations’? were calculated for the four 
groups: Snohomish boys, Snohomish girls, 
Yakima boys, and Yakima girls. Ascorbic 
acid intake including vitamin C supplementa- 
tion was correlated with serum ascorbic acid 
levels and with the various quantified physi- 
cal and biomicroscopic values. Similarly, the 
quantified values were correlated with each 
other and with the serum levels. 


RESULTS AND DISCUSSION 


Ascorbic Acid Intake 


Ascorbic acid intakes from food were low for 
all groups except the Snohomish girls (Table I). 
Thirty-two per cent of the girls were getting less 
than 50 mg per day, while 34 per cent of the 
boys had less than 60 mg daily.'* The girls in 
Yakima County consumed significantly less 
ascorbic acid (at the 1 per cent level) than the 
Snohomish girls. No significant difference 
was found between the intakes of 15- and 16- 
year-olds, either boys or girls. 


Vee we * 
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When the daily mean intakes were compared 
with the National Research Council Recom- 
mended Allowances,'* the Snohomish girls and 
boys consumed 99 and 87 per cent, respectively, 
of the recommended ascorbic acid allowances 
and the Yakima girls and boys, 74 and 88 per 
cent, respectively. Other dietary studies'*—** 
have indicated that ascorbic acid may be low 
in the diets of adolescent children. 

Fourteen of the 248 subjects reported the in- 
take of vitamin C supplements. For 6 of the 
14, supplementation considerably increased (by 
17 to 1666 per cent) the intakes from diets 
alone. 


Blood Serum Ascorbic Acid 


The serum ascorbic acid levels (Table I) 
rate ‘‘good”’ for the girls and ‘‘fair to good”’ for 


HARD, ESSELBAUGH, AND DONALD 


TABLE I 
Mean Daily Intake of Ascorbic Acid and Mean Serum Levels of Ascorbic Acid by Area and Sex 
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groups, as did Wilcox e a/.! in the Utah 13- to 
19-year-old nonrheumatic subjects. Storvick, 
Hathaway, and Nitchals'® on the other hand, 
found about one-third of both Oregon girls 
and boys in the “excellent” range. Mon- 
tana adolescents!” had higher serum ascorbic 
acid levels; 73 per cent of the girls and 58 
per cent of the boys could be classified as 
“excellent.” 

That the serum ascorbic acid levels of adoles- 
cent subjects are directly related to the food 
intake is illustrated in Figures 1 and 2. The 
correlation coefficient (r) was 0.616 for all sub- 
jects (significant at the 1 per cent level), 0.683 
for boys, and 0.543 for girls. It has been re- 
ported’ that ascorbic acid intake per kilogram 
of body weight is a more accurate indicator of 
serum concentration than is daily ascorbic acid 


Snohomish County 


Yakima County 


Boys (63) | 


Girls (62) Boys (61) |. Girls (61) 


Daily intake 


Arithmetical mean (mg) and S. E. 
of mean 


82 + 5.73 
Geometric mean (mg) 72 


Log. of geom. mean and its S. E. | 1.8550 + 0.0287 


1.8372 + 0.0308 


79 + 5.33 83 + 5.00 59 + 3.97 
69 74 52 
1.8710 + 0.0271 | 1.7186 + 0.0285 


Serum levels 


Mean (mg/100 ml) and S. E. 0.64 + 0.04 


0.86 + 0.06 


0.70 + 0.06 0.72 + 0.06 


the boys as compared with the serum ascorbic 
acid classification reported by Bessey and 
Lowry.”* 
between 15- and 16-year-olds or between areas. 
A significant difference (at the 5 per cent level) 
existed between sexes. Sex differences have 
been noted also by Bring, Warnick, and 
Woods!! in Idaho, and by Clayton e¢ al.*4 in 
the Northeast. 

One-fourth of the girls and over one-third of 
the boys had serum levels of 0.4 mg per 100 ml 
or less. Twenty-seven per cent of the girls also 
had serum ascorbic acid levels of 1.1 mg per 
100 ml or over while only 15 per cent of the 
boys reached this value. A similar distribu- 
tion has been reported by Roderuck ef al.’ 
Clayton et al.24 found a lower percentage of 
males than females in the 1.0 mg per 100 ml 


No significant differences were found | 


intake. A relationship between intake per 
kilogram and serum concentration did exist in 
both adolescent boys and girls. However, the 
correlations between intake per kilogram and 
serum concentration were less (r = +0.674 for 
the boys and r = +0.470 for the girls) than the 
correlations with daily ascorbic acid intake. 
There appears to be a difference in ascorbic 
acid metabolism in girls compared to boys. 
Although the daily ascorbic acid intake tended 
to be lower for the girls than for the boys 
(Table I), the serum blood levels of the girls 
were significantly higher than those of the boys. 
It is difficult to draw definite conclusions on the 
basis of a week’s intake and of one blood sam- 
ple, but the blood levels for the girls do seem 
higher than might be expected. This has been 
reported also by Wilcox et a/.! and by Roderuck 


‘ 


THE AMERICAN JOURNAL OF CLINICAL NUTRITION [Vol. 6, No. 4 


BLOOD SERUM ASCORBIC AciD 
YA mg /i00 mi. 


.4-.6 mg./100 mi. 
-7=-1.0 mg./100 mi. 


> 11 mg. /100 mi. 


PER CENT GIRLS 


10% 


< 50 mg. 50-80 mo. 


ASCORBIC ACID INTAKE 
Fig. 1. Distribution of serum ascorbic acid levels of adolescent girls having 
daily ascorbic acid intakes of <50 mg, 50-80 mg, and >80 mg. 


BLOOD SERUM ASCORBIC ACID 
<-4 mg./100 mi. 

mg./100 mi. 
«7=1.0 mg./100 mi. 


> 1.1 mg./100 mi. 


PER CENT BOYS 


<=60 mg. 60-90 mg. > 90 mg. 


ASCORBIC ACID INTAKE 


Fig. 2. Distribution of serum ascorbic acid levels of adolescent boys having 
daily ascorbic acid intakes of <60 mg, 60-90 mg, and >90 mg. 


et al.?’ On the hypothesis that the sex differ- ascorbic acid deficiency with increased respira- 
ence might be due in part to hormonal in- tory rate. 

fluence, a correlation was made between basal ess ’ 

metabolic rate and serum ascorbic acid. Only Subclinical Symptoms of Ascorbic 

one group, the Yakima boys, showed significant 404 Deficiency 

relationship (at the 5 per cent level). Tisdall 


Biomicroscopic Examination: Biomicroscopic 
and Jolliffe have suggested an association of 


observations of subclinical symptoms often 
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associated with ascorbic acid deficiency are 
summarized in Table II. The average quanti- 
fied scores for the arm and gingival lesions indi- 
cate a “‘slight’’ deficiency of vitamin C. Gin- 
gival recession is somewhat more pronounced 
than the other manifestations. The scores for 
chronic lesions (column 8) were somewhat 
higher for all subjects than were those for acute 
lesions (column 7). This suggests a greater 
incidence of chronic than of acute gum lesions. 
Except for hyperemia of the arm and infiltra- 
tion of the gingiva, a greater percentage of the 
girls than of the boys were ‘“‘normal.”’ 

It is not possible to make comparisons among 
the studies which have used biomicroscopic 
observations to assess nutritional status be- 
cause many different methods of describing the 
lesions and quantifying the results have been 
employed. 

Simple correlation coefficients for acute and 
chronic gingival lesions and hyperemia of the 
arm with serum ascorbic acid and with ascorbic 
acid intake with supplements are given in 
Table III. All were nonsignificant except for 
chronic gingival lesions and serum ascorbic acid 
in Yakima girls. This correlation (r 


— 0.263) significant at the 5 per cent level, may 
be attributable to chance. 
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TABLE II 
Mean Quantified Scores* for Biomicroscopic Observations of the Gingiva and of the Epithelium of the Upper Arm 
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The lack of correlation between dietary in- 
take, blood values, and biomicroscopic obser- 
vations is in agreement with the theory pro- 
posed by Kruse.”* Serum ascorbic acid values 
fluctuate with current intake whereas the state 
of body tissues probably reflects the nutritional 
status of an individual over a period of years. 
Biomicroscopic observations of the tissues 
made by an experienced operator should con- 
tribute information to the over-all assessment 
of nutritional status. 

Kodachrome Observations: The average scores 
of the gingival lesions (Table IV) as observed 
from kodachrome slides generally agree with 
the biomicroscopic results. The evaluation of 
the slides is not as precise a measure of sub- 
clinical symptoms as is the biomicroscopic 
examination. This is reflected in the quantify- 
ing scale—the biomicroscopic observations 
were quantified from 1 to 4, but the koda- 
chrome scale was 1 to 3. On this basis, the 
kodachrome observations suggest a ‘‘fair’’ 
state of ascorbic acid nutrition in these sub- 
jects. 

Table III reveals a highly significant cor- 
relation between the kodachrome and _bio- 
microscopic observations for acute and chronic 
gingival lesions. This suggests, that under 


Tissue Gingiva Arm 
Recession Recession Acute Chronic 
Infiltra- o! at Lesions Lesions 
Hyperemia | Swelling tion Pitting L.DB.2:3 D.M.t (1 & 2) (1-6) Hyperemia 
Lesions (Q)t (2) (3) (4) (5) (6) (7) (8) (9) 
3 3 3 3 3 3 3 3 3 
Piel Ele els Els Els 
Snohomish % % % % % % % % % 
boys (63) | 1.6 | 56 | 2.0 | 18 | 2.4 4} 2.2 2.8) 4 12:3 2.2) 181 1.2) 8 
Snohomish 
girls (62) | 1.4 | 62 | 1.9] 28 | 2.4] 4/]2.1 |] 12/2.6]| 5 | 1.8} 84] 1.6] 45] 2.0 | 24] 1.2] 76 
Yakima 
boys (61) | 1.4 | 64 | 1.8 | 34] 2.4] 14) 2.1] 5 | 2.7] 12] 1.6] 49 | 2.2 | 22] 1.0] 98 
Yakima 
girls (62) | 1.4 | 62 | 1.7] 2.3 | 14/ 2.2] 2.5] 9 | 2.1} 1.6 | 49 | 2.0 | 25 | 1.1] 90 
All boys 1.5 | 60 | 1.9 | 26 | 2.4 2.2 4 | 2.8) 161) 1.7 | 4 | 2:2 | 
All girls 1.4 | 62 1.8] 83 | 2.47] 2.2 7126 | 20 | | 1.6 | 47 | 2.0 | 241.22) 88 


* 1, “normal”; 2, “slight’’; 3, ‘some’; 4, ‘‘marked’’; 5, ‘‘very marked.” 


¢ Column number. 
1.D.P., Interdental papillae; D.M., Dental margin. 
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TABLE III 
Simple Correlation Coefficients for Biomicroscopic Observations 


Ascorbic Acid Gingiva lesions Arm 


Acute Chronic 


County 


Intake 


Hyperemia 


Kodachrome 


Kodachrome 


Physical 


Biomicroscopic 


Snohomish 


Yakima 


—0.154 
+0.081 
—0.101 
—0.206 


+0.488t 
+0. 287+ 
+0.663¢ 
+0.747t 


+0.523¢ 
+0.378t 
+0.742+ 
+0.786+ 


+0.333T 


+0.737T 
+0.533t 


—0.032 
+0.021 
+0.100 
+0.113 


Snohomish 


Yakima 


—0.053 
+0.012 


+0.530t 
+0.219 

+0.392f 
+0.4617 


+0.611f 
+0.368t 
+0. 569T 
+0.573t 


+0.457+ 


+0.588t 
+0.482+ 


+0.196 
—0.159 
+0.122 
—0.133 


Snohomish 


Yakima 


—0.073 +0.133 
—0.054 
+0.142 +0. 184 


+0.001 


* Significant at 5% level. 
t Significant at 1% level. 


conditions of very good photography and in 
studies where precise results are not required, 
the evaluation of kodachrome slides for sub- 
clinical symptoms of ascorbic acid deficiency 
may be substituted for biomicroscopic ex- 
amination. They have the advantage of pro- 
viding a more objective evaluation of sub- 
clinical symptoms than does a physical ex- 
amination and they also give a clinical record 
of the tissue for future reference. Merrow 
et al.2” have made similar observations. As 
may be expected no correlation was found be- 
tween kodachrome observations of chronic gin- 
gival lesions and ascorbic acid intake (r = 
— 0.226) or serum ascorbic acid (r = —0.157). 


Physical Examination: A higher incidence of 
gingival involvement was noted among the 
Yakima than among the Snohomish subjects. 
This may be due to differences in evaluating 
symptoms by the two examining physicians. 
No abnormalities were recorded for the Sno- 
homish girls. ‘‘Mild’’ recession of the inter- 
dental papillae was reported for 10 per cent of 
the Snohomish boys. In Yakima County, a 
highly significant correlation was noted be- 
tween the physical and biomicroscopic scores 
for acute and chronic gingival lesions (Table 
III). Similarly, the correlation between phys- 
ical and kodachrome observations in Yakima 
County were significant at the 1 per cent level 


TABLE IV 
Mean Quantified Scores* for Kodachrome Observations of the Gingiva 


Swelling 
(2) 


Acute 

lesions 

(1 & 2) 
(5) 


Chronic 


Recession lesions 


Snohomish boys (61) 
Snohomish girls (62) 
Yakima boys (61) 
Yakima girls (62) 
All boys 

All girls 


* 1, “good”; “fair’’; 3, “poor.” 
¢ Column number. 


I1.D.P., Interdental papillae; D.M., Dental margin. 
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Acute | Boys —0.100 
gingiva Girls +0.064 
Girls —0.165 
Chronic | Boys +0.007 
gingiva Girls +0.144 
Boys | —0.152 | —0.048 
Girls —0.219 | —0.263* 
Hyperemia | | Boys | —0.206 | —0.086 
of arm Girls | —0.012 | —0.160 
| Boys | —0.004 | +0.045 
Girls | +0.013 | +0.206 
H ia DP 
ori.vU.P. 
1.7 2.2 1.6 1.6 2.0 1.8 
1.9 2.0 1.6 1.5 2.0 1.8 
1.9 2.1 1.9 1.9 2.0 2.0 
1.8 2.2 2.0 1.8 
1.8 2.1 1.8 1.8 2.0 1.9 
1.9 2.1 a7 1.6 2.0 1.8 
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(r = +0.640 for the boys, r = +0.626 for the 
girls). The average scores for acute lesions as 
observed by the physician were 1.3 and 1.4 
for Yakima girls and boys, respectively, and 1.3 
and 1.3 for the chronic lesions. About one- 
fourth of the Yakima subjects were noted to 
have “mild” to “moderate” manifestations of 
swelling, recession of the interdental papillae 
and recession at the dental margin. 

The various methods used in this study to 
assess ascorbic acid nutrition agree fairly well. 
From the standpoint of present recommenda- 
tions, the daily food intake is considered to be 
low. The serum ascorbic acid levels can be 
classified as ‘‘fair’’ to “‘good.’’ The subclinical 
symptoms of deficiency were observed to be 
“slight.”” Taking all these criteria into consid- 
eration, the ascorbic acid nutriture of the 
selected Washington adolescent subjects can 
be described as fairly good. 


SUMMARY 


The ascorbic acid nutrition of 248 adolescent 
boys and girls born and reared in two areas of 
Washington (Snohomish and Yakima Coun- 
ties) was assessed by five methods—dietary in- 
take including supplementation, serum blood 
levels, biomicroscopic and kodachrome evalua- 
tion of subclinical deficiency manifestations, 
and physical examination. 

By the present standards the ascorbic acid 
food intake of all boys and of the Yakima girls 
was low. Mean daily intakes were 82 mg for 
the boys and 69 mg for the girls. Few (14) 
subjects took vitamin C supplements. 

The mean serum ascorbic acid values were 
rated “‘fair’’ to “‘good.”” The values for Sno- 
homish boys and girls were 0.64 + 0.04 and 
0.86 + 0.06 mg per cent, respectively, and for 
the Yakima boys and girls, 0.70 + 0.06 and 
0.72 + 0.06 mg per cent, respectively. A 
significant difference existed between the sexes. 

The average scores for the biomicroscopic 
observations of the upper arm and gingival 
epithelial lesions indicated a ‘‘slight’”’ deficiency 
of ascorbic acid. The evaluation of the koda- 
chrome slides suggested a ‘“‘fair’’ status of as- 
corbic acid nutrition. The physical examina- 
tion revealed few subclinical manifestations. 

On the basis of the several criteria used, 
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selected Washington adolescent subjects may 
be described as being in a fairly good state of 
ascorbic acid nutrition. 
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Ts ANCIENTS have left no leads regarding 
the existence of pellagra. Hippocrates, 
Galen, and Avicenna writing at widely sepa- 
rate times described no disease resembling it. 
Whether the condition existed among the Mexi- 
can or North American Indians is not known, 
though it is most likely that the early explor- 
ers would have described it. Since it isa man- 
made disease caused by a rather specific type of 
poor diet, it seems unlikely that it emerged in 
Spain as an epidemic about 1730 without hav- 
ing been present sporadically for some years. 
In fact it already had the popular name, mal de 
rosa when Casal first described it in 1735. 

The following is a brief synopsis of the his- 
tory of pellagra, omitting reference to hundreds 
of important contributions toward its conquest. 

What does seem certain is that pellagra fol- 
lowed closely upon the extensive use of Indian 
corn for food, and this relation was noted by 
Casal. It was recognized in Italy in 1740 and 
Frapolli in 1771 attributed it to the extensive 
consumption of maize as ‘‘polenta,’’ plus ex- 
posure tothe sun. By 1818 it was widely prev- 
alent in the southeastern provinces of France, 
and in 1830 was reported from Roumania 
where it had been known to exist for 16 or 18 
years. It was found in Austria in 1887 and in 
Hungary during the following year. Egypt 
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and Russia recognized it in the early 1890's. 
Here in the home of maize we do not know 
when pellagra appeared. Grey in Utica, New 
York, and Tyler in Summerville, Mass., each 
reported a case in 1864. The disease was diag- 
nosed in retrospect among the Union prisoners 
at Andersonville but any confirmation is lack- 
ing. H.F. Harris of Atlanta in 1902 described 
what he considered the first authentic instance 
in this country. Babcock, however, reviewing 
the records of the South Carolina State Asylum 
believed that there was convincing evidence 
that the disease had been endemic among the 
inmates since 1828. Casal had emphasized 
the dementia of pellagra, in this country it was 
soon to fill the asylums of the southern states. 
However high the threshold of suspicion of 
the American medical profession, it seems un- 
likely that pellagra was endemic before 1900. 
In 1906, Searcy reported an epidemic among 
the inmates of the Alabama State Asylum for 
Negroes, and during the ensuing year it became 
evident that the disease was already a major 
health problem throughout the Southeast. 
The specific reason for the explosive nature of 
the outbreak will never be known, though sev- 
eral contributing factors were probably signifi- 
cant. Cotton was ruinously cheap and wages 
correspondingly low while food prices were very 
high. Very few animals for food were raised, 
and Western meat was beyond the means of the 
tenant farmer and the mill worker. More im- 
portant perhaps was a change in the character 
of the corn meal during the preceding decade. 
Before 1900 the bulk of the meal used in smaller 
towns and practically all that consumed in ru- 
ral areas was locally ground in grist mills which 
more often than not were water-driven. ‘“Wa- 
ter-ground’”’ meal was coarsely bolted or not at 
all and retained much of the germ and hull of 
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the grain. About the turn of the century, 
finely bolted meal produced by large milling 
companies made its appearance. This so-called 
Western meal was thoroughly degerminated to 
prevent the development of rancidity during 
storage and shipment. The meal looked better, 
kept better, and made more palatable bread. 
Also, it was much simpler for the countryman 
to go to the store or commissary and buy a sack 
of meal than to haul corn to the grist mill and 
return in a day or two for the ground product. 
In the towns, the keeping qualities of Western 
meal appealed to the grocers, so they stocked 
it exclusively. Thus, in a few years the staple 
cereal food of millions of people changed from 
what was essentially a whole grain to a rather 
highly refined carbohydrate that carried little to 
facilitate its utilization. 

At the time, the general reaction of the popu- 
lace including the medical profession was dis- 
may and frustration. In the contemporary 
state of knowledge such an epidemic of disa- 
bling and often fatal disease could be due only to 
some unknown infection or subtile toxin. Dur- 
ing the years which followed, an enormous 
amount of investigation was directed toward 
proving one or the other of those theories. 
Searcy’s emphasis upon the mustiness of the 
meal used at the Alabama asylum and its heavy 
infection with bacteria and fungi furnished 
arguments for both schools of thought. Both 
alike overlooked the significance of the way in 
which the epidemic was checked. For the 
“‘poisonous”’ cornbread and grits Searcy sub- 
stituted wheat bread and potatoes, and his pa- 
tients rather promptly recovered. For the next 
decade old Spanish and Italian theories of the 
etiology of pellagra were rediscovered and had 
their partisans. 

To compound the prevailing confusion, pel- 
lagra was recognized in the Cook County Hos- 
pital in 1909 and in the same year was found to 
be endemic in the Peoria State Hospital. The 
people of Illinois were deeply shaken, and 
shortly a distinguished Commission was ap- 
pointed to study the disease. The report of 
the Commission was dogmatic: pellagra was 
due to some living micro-organism. In 1912,a 
National Pellagra Conference was held in Co- 
lumbia, South Carolina. A number of out- 
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standing foreign pellagrologists in attendance 
were almost unanimous in their support of the 
maize toxin or “mouldy meal’ hypothesis. 
An exception was Sambon who reiterated with 
vigor his conviction that the disease was due to 
a protozoan, yet unidentified but transmitted 
by the bite of the buffalo gnat. This idea 
appealed to many American physicians and 
set off new investigations wherever this pest 
abounded. 

By now pellagra had become a matter of 
grave national concern, it was variously esti- 
mated that the victims might number twenty- 
five, fifty, even a hundred thousand with 
deaths upward 7f ten thousand per year. The 
United States Public Health Service assigned 
Goldberger to an investigation of the etiology 
of the disease, and the Thompson-McFadden 
Commission undertook the same task. The 
Commission worked from 1912 to 1916, em- 
ploying the best available methods. Exten- 
sive epidemiologic and bacteriologic studies were 
made and much attention was paid to sanita- 
tion. Monkeys and baboons were injected 


with blood, urine, cerebrospinal fluid and tis- 
sue filtrates from patients with pellagra and 
were fed feces and epidermal squames with en- 


tirely negative results. The Commission’s re- 
port stated emphatically that infection had not 
been demonstrated, that no insect vector had 
been found, and no relation between maize and 
the disease had been noted. Much stress was 
laid on the poor sanitation of the communities 
investigated and the frequency of pellagra in 
contacts of persons with the disease. It was 
noted that in general the diet of the people was 
poor in animal protein. 

Casimir Funk in 1912 suggested that pel- 
lagra might be a deficiency disease due to the 
lack of a ‘‘vitamine”’ in maize and Osborne and 
Mendel in 1914 demonstrated that cystine and 
tryptophan are essential for nutrition and 
growth of animals and called attention to the 
scarcity of those amino-acids in zein. These 
observations were well known to Goldberger, 
and he seems to have kept them in mind 
throughout the years, but for him it was nec- 
essary first to prove the dietary origin. During 
the first two years of his research, he made ex- 
tensive epidemiologic studies of communities 
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and institutions where the disease was rife 
and was more than ever convinced that diet 
held the answer to the problem. 

In a Mississippi orphanage and in the Georgia 
State Hospital in Milledgeville, he was able to 
cure the disease and prevent recurrences by 
adding liberal amounts of milk and eggs to the 
institutional diet. The next objective was to 
produce pellagra in previously healthy indi- 
viduals by feeding them a diet similar to that of 
the Mississippi orphanage. The opportunity 
came in 1915 when a group of convicts at the 
Rankin Farm of the Mississippi State Peni- 
tentiary volunteered to undergo the experiment 
in return for pardons upon its completion. 
Twelve men made up the squad, and after a 
six-week period of observation to establish a 
base-line, the test was started on April 15, 
1915. The diet consisted of corn meal, grits, 
cornstarch, wheat flour, rice, cane syrup, sugar, 
sweet potatoes, small amounts of turnip greens, 
cabbage and collards, and a liberal portion of 
pork fat. The average daily intake per man 
was protein, 41-54 g, fat, 91-134 g, carbohy- 
drate, 387-513 g; the protein was from 80 to 97 
per cent of cereal origin. One convict left the 
squad, but six of the remaining volunteers had 
developed the disease by October 31 when the 
experiment was terminated. In the conclusion 
of his report, Goldberger stated, ‘‘Pellagra may 
be prevented completely by a suitable diet 
without intervention of any other factor, hy- 
gienic or sanitary. There is no sound evidence 
that the disease is controllable in any other 
way.” He also wrote, ‘In relation to the pro- 
duction of pellagra, this study suggests that 
the dietary factors to be considered as possibly 
essential are (1) an amino acid deficiency; 
(2) a deficient or faulty constitution of the 
mineral supply; possibly, but doubtfully, (3) 
a deficiency in the fat soluble vitamine intake; 
and perhaps (4) an as yet unknown (vitamine?) 
factor.” 

By this time the infectionists had rallied 
their forces, and there was much question 
whether the negative animal inoculation experi- 
ments of the Thompson-McFadden Commis- 
sion could be applied to man. Goldberger and 
15 courageous colleagues accepted the chal- 
lenge and undertook the crucial experiment. 
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At Spartanburg they injected themselves with 
blood, swabbed their throats with nasopharyn- 
geal secretions and swallowed the excreta and 
squames from patients severely ill with pellagra. 
(Later in the experiment they put the feces, 
urine, and squames in capsules.) Some of the 
volunteers felt a bit qualmish after the dosing, 
but after six months no person had become ill. 

During the ensuing years Goldberger sought 
the elusive substance lacking in a pellagra-pro- 
ducing diet. With Tanner he tried the addi- 
tion of foods rich in all the vitamins known at 
that time, and failing to prevent recurrences, 
concluded that the deficiency was not of a vi- 
tamin but of amino acids. He reported im- 
provement in two pellagrins whose diet was sup- 
plemented with cystine and one who received 
cystine and tryptophan; this wasin 1922. The 
same year, with Wheeler, he was able to pro- 
duce blacktongue in dogs with a diet essentially 
the same as that used in the Rankin Farm ex- 
periment and later to cure it by the addition of 
meat, milk, or yeast. This observation was 
soon applied to human pellagra at Milledge- 
ville, and yeast produced dramatic improve- 
ment in all patients who were able to swallow 
and retain the 50 to 100 g per day which were 
required for cure. 

It was now 1924 and during the nine years 
since the Rankin Farm experiment, the disease 
had maintained a steady increase throughout 
the South. Thanks to Goldberger’s propa- 
ganda and the influence of Italian pellagrolo- 
gists, dietary treatment had been almost uni- 
versally adopted in hospitals so that mortality 
rates were lower but total deaths were not ma- 
terially affected. Prevention by diet was never 
practical because of economic conditions as 
well as stubborn food habits. 

Further investigation of yeast showed that 
the factor curative and preventive of black- 
tongue and pellagra resisted degrees of moist 
heat that entirely destroyed the beri-beri 
preventive factor. It was also found that the 
substance, now called ‘‘pellagra preventive fac- 
tor” by Goldberger could be adsorbed on 
fuller’s earth and eluted therefrom, and that 
the eluates were active in the cure and preven- 
tion of the disease. This led Goldberger to re- 
vert to the vitamin deficiency theory which he 
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had suggested some years before. Had facili- 
ties been available, the problem might have 
been solved at that time, since Funk had al- 
ready identified nicotinic acid in yeast ex- 
tracts but discarded it as a vitamin since it had 
no effect on beri-beri. 

Voegtlin in 1914 had tried the effect of a 
crude liver extract with some success but 
abandoned the investigation when he refined 
the extract and found it impotent. Years later 
Goldberger, Wheeler, Lillie, and Rogers found 
dried pig’s liver effective in the prevention of 
blacktongue. Goldberger and Rogers in 1924 
tried the oral liver extract of Minot with suc- 
cess in the prevention of blacktongue, though 
Sebrell completed the experiment after Gold- 
berger’s death in 1929 and accomplished rapid 
cure of blacktongue with this preparation. In 
this year 1929 also, the incidence of pellagra 
reached its all time high. 

On the clinical side not too much had been 
accomplished during the twenty-three years 
since the disease had been recognized. Up to 
1924, hospitalized patients were fed high-pro- 


tein diets, often administered by gavage and 
treated with a great variety of drugs of which 
sodium cacodylate was most commonly em- 
ployed. The average mortality was 33 per cent 
during this era, this figure reflects the extreme 
delapidation of patients considered ill enough 


to warrant hospitalization. Complete ano- 
rexia, intractable nausea, and psychotic delu- 
sions made it impossible to administer the diet 
adequately. Many patients would promptly 
vomit after gavage, others would induce vomit- 
ing to relieve the burning pain caused by food. 
Dehydration and, in retrospect, electrolyte im- 
balance, were the rule but at that time their 
importance was not generally recognized. 
Yeast and liver extracts for oral administra- 
tion reduced the mortality rate to 25 per cent 
but the same difficulties that beset dietary 
treatment were still encountered. Injectable 
extracts of liver for intramuscular use proved 
not to be potent in the amounts used, and no 
crude preparation for intravenous administra- 
tion had been developed. The ambulatory 
pellagrin seen in outpatient departments fared 
much better. It seldom was possible to im- 
prove the diet for any long period but those 
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who came for help would take the yeast we 
gave them. Liver extracts remained too ex- 
pensive to dispense to outpatients. 

After Goldberger’s death, Wheeler and then 
Sebrell headed up the research aided by many 
others. Up to that time the team of the U. S. 
Public Health Service had conducted the great 
bulk of the planned investigation. During the 
eatly 1930’s a number of independent clinical 
research projects were set up throughout the 
country. Looking back after 30 years, one 
wonders how much they contributed to the ac- 
tual solution of the problem but the efforts were 
laudable. Reported deaths exceeded 7,000 in 
1928, 1929, and 1930 and there were probably 
more than 200,000 pellagrins in this country. 
The disease had truly become everybody’s 
business. 

By that time, the vitamin theory was gener- 
ally accepted and whether one called the un- 
known vitamin ‘“‘P-P factor,” “vitamin G,”’ 
“vitamin Bs,” or just ‘‘the anti-pellagra. vita- 
min’ was unimportant. There were some even 
then who suspected that there might be more 
than one factor involved, others advanced the 
hypothesis of a conditioned deficiency. Ribo- 
flavin was found to be a vitamin in 1933 and py- 
ridoxine was found to be a component of the 
“B group” a year later. On the basis of ani- 
mal experiments in which various species of 
animals were used by different observers, both 
of these new members of the vitamin B com- 
plex were thought for a time to be the antipel- 
lagra vitamin. Much time was to pass before 
their true role was recognized. 

Working separately, Elvehjem and _ his 
group, and Lepkovsky and Jukes with their 
colleagues, had found that liver extract and 
rice-bran extract contained a substance which 
was distinct from the anti-beri-beri factor of 
Funk (now called vitamin B;); vitamin Be, and 
riboflavin. This substance was generally 
known as “‘the filtrate factor.’’ In 1936 Fouts, 
Lepkovsky, Helmer, and Jukes reported two 
cases of pellagra which responded to treatment 
with a liver preparation containing ‘“‘filtrate 
factor’ but free of vitamins B;, Bs, and ribo- 
flavin. During the same year Sebrell, Onstott, 
and Hunt treated blacktongue in dogs with 
filtrate factor from rice bran and obtained ex- 


¥ 

4 


July-August, 1958] 


cellent results, but in from 54 to 117 days after 
treatment was started, dogs developed col- 
lapse and stupor and died rapidly. Sebrell’s 
group recognized the symptoms of ‘yellow 
liver’ which they had previously described, a 
condition produced by certain of their defi- 
cient diets. They also noted that rats on a diet 
lacking riboflavin developed a similar change 
in the liver. Following up this observation 
when a surviving dog from the “filtrate fac- 
tor’ experiment, free from symptoms of black- 
tongue, developed those of “‘yellow liver,” they 
treated it with riboflavin injected intramuscu- 
larly and in twelve hours recovery was com- 
plete. Sebrell then recognized that the black- 
tongue-producing diet was deficient both in the 
“antipellagra vitamin’ and riboflavin and 
that while the “‘filtrate factor’’ contained some- 
thing which cured the gastrointestinal and cu- 
taneous manifestatiens of blacktongue, ribo- 
flavin deficiency developed during its adminis- 
tration. He also made the prophetic sugges- 
tion that it might be dangerous to treat pa- 
tients with highly purified preparations of the 
pellagra-preventive factor, since the absence of 
unrecognized dietary essentials in such materi- 
als might lead to the production of illness other 
than pellagra. 

It seems unnecessary to state, in this com- 
pany, that the case was broken by Elvehjem, 
Madden, Strong, and Wooley early in 1937 
when they identified the anti-blacktongue fac- 
tor in liver extract as nicotinic acid. Their 
discovery was applied immediately to human 
pellagra wherever the disease was being stud- 
ied. The results were truly dramatic. No 
longer did patients die because they could not 
retain food, yeast, or liver extracts. Nicotinic 
acid amide or sodium nicotinate could be given 
intravenously with lifesaving effect. 

During the first year of nicotinic acid ther- 
apy it was noted that several patients, whose 
glossitis, dermatitis, diarrhea, and dementia 
were cured, retained certain lesions, or ac- 
quired them while being maintained on the 
basal pellagra-producing diet supplemented 
with nitocinic acid. Seborrheic dermatitis of 
the face, dyssebacia over the malar eminences, 
nose or chin, fissures of the commissures of the 
lips and eyelids persisted in some patients and 
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developed in others. The tongue after the 
healing of the pellagrous glossitis, acquired a 
striking purplish-red or magenta color and the 
newly regenerated filiform papillae became 
flattened or mushroom shaped; concurrently 
there was scaling of the lips and redness of their 
buccal surfaces. Often there was complaint of 
burning and hyperaesthesia of the lips, tongue, 
and pharynx. These phenomena were at the 
time thought to be evidence of relapse, but in 
December 1938, Sebrell and Butler reported the 
experimental production of such lesions by a 
diet deficient in riboflavin with cure following 
administration of that vitamin. Thus Sebrell’s 
suggestion that blacktongue and perhaps pel- 
lagra might be manifestations of deficiency of 
more than one essential dietary factor was jus- 
tified. 

While conducting further investigation of 
the riboflavin deficiency components of the pel- 
lagra syndrome we in Augusta became inter- 
ested in superficial corneal vascularization 
which had been noted in riboflavin-deficient 
rats by Bessey and Wolbach. In this work we 
were privileged in having the collaboration of 
Sebrell and Butler and of Kruse. Our find- 
ings indicated that this lesion, though not spe- 
cific, is probably the earliest sign of human 
ariboflavinosis. 

With nicotinic acid available and quite 
cheap, it may seem strange that the elimina- 
tion of endemic pellagra required about five 
years more. Yeast had been plentiful and 
cheap; it was furnished free by the American 
Red Cross and by state and county health 
agencies, yet the disease increased during the 
yeast era because the problem of prevention 
could not be solved. Ignorance and inertia on 
the part of that segment of the population 
which produced the pellagrins were not the 
whole answer. Poor food habits, economic 
stress, and the enormous backlog of chronic 
malnutrition were more important. In 1940 
there were still more than 2000 reported deaths 
in spite of all the effort, educational and thera- 
peutic, put forth by federal and state health 
organizations, the Red Cross and local welfare. 

The second world war, however costly in 
lives and treasure, may be thanked for the con- 
quest of pellagra in this country. The great 
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increase in employment and the mobilization of 
the armed forces provided almost everyone 
with an income, either from a job or a soldier’s 
pay. The enrichment of flour put a reasonable 
quantity of B-vitamins back into the diet. 
Rationing inspired even the most backward 
souls to buy and eat the good high-protein 
foods to which they had never before aspired. 
Since 1945 pellagra has been a clinical curiosity 
seen only in the occasional food-faddist, senile 
recluse or chronic alcoholic. In fact, it requires 
considerable ingenuity at the present time 
to develop the disease, what with the flour and 
meal and grits and rice all expensively enriched 
with the things the mills have carefully removed. 

Though pellagra ceased to be a clinical prob- 
lem, the biochemical puzzle of the exact rela- 
tion of diet to the disease remained unsolved. 
It had been observed many times that there 
was no direct relationship between the nico- 
tinic-acid content of diets and their efficacy 
in producing blacktongue or pellagra. This 


suggested that there might be some other sub- 
stance which could substitute for or be a pre- 
cursor of nicotinic acid. The possibility of the 


existence of an anti-vitamin in corn was con- 
sidered also. Krehl, Tepley, and Elvehjem 
in 1945 found that rats can synthesize niacin 
from tryptophan and that tryptophan supple- 
ments minimal amounts of nicotinic acid in the 
diet. They also showed that corn causes a 
marked increase in the nicotinic acid require- 
ment. Other observers demonstrated that the 


[Vol. 6, No. 4 


same niacin-tryptophan relation exists in 
mice, dogs, and swine. The derivation of the 
vitamin from tryptophan was first reported in 
man by Vilter in 1949 and confirmed by Gold- 
smith and by Singal. More recently it has 
been proved that both riboflavin and pyridox- 
ine are required for the metabolism of trypto- 
phan and that pyridoxine is essential for the 
synthesis of niacin from the amino-acid. 

While pellagra can develop without maize 
entering the picture, its prevalence in a maize- 
eating population can now be clarified. A diet 
low in good protein and containing large 
amounts of corn actually increases the require- 
ment for nicotinic acid, at the same time block- 
ing its endogenous production. If there is de- 
ficiency of riboflavin and pyridoxine as well, the 
utilization of what little tryptophan may be 
available is impossible and the diet is rendered 
virtually niacin-free. 

At the end of the story, it is evident that 
many have been correct in their ideas of the 
genesis of the scourge. Casal, Frapolli, and 
the old Italian zeists were right. Funk’s sur- 
mise of a vitamin deficiency and Osborne and 
Mendel’s suggestion of amino-acid deficiency 
were right. Goldberger was right on three 
counts, diet, a vitamin, and an amino acid. 
Sebrell, Onstott, and Hunt were right when 
they suspected a multiple vitamin deficiency 
and Elvehjem and his group and Singal were 
right in pursuing the elusive tryptophan- 
niacin relationship. 
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Effect of Dietary Protein on Blood 


Regeneration of Anemic Patients 


Suffering from Parasitic Infestation 


— is relatively widespread in Iraq, es- 
pecially among inhabitants of the rural 
areas where the condition results from the 
frequency of parasitic infestation, notably 
ankylostoma and bilharzia. Also, the diet of 
these people is deficient in certain nutritional 
elements, particularly animal protein, and is 
probably an additional factor in the causation 
of anemia. It was considered of interest to 
study the effect of various levels of protein in 
the diet on the regeneration of hemoglobin and 
red blood corpuscles, the object being to find 
the optimum diet in the treatment of anemia 
and to find out whether the administration of 
iron together with the irradication of parasitic 
infestation in a community would be all that is 
needed for proper treatment. 


METHOD OF STUDY 


The patients on whom the study was carried 
out were farmers or mud workers hospitalized 
for treatment of anemia. They were suffering 
from ankylostomiasis, and some of them were 
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also suffering from bilharziasis. All the patients 
chosen for study were of the same socio-eco- 
nomic level; they were from the rural areas out- 
side the city of Baghdad, or from the neigh- 


boring provinces. Their diet had previously 
consisted mainly of bread, dates, and vegetables 
when available. Rice was eaten two or three 
times weekly, and milk, meat, and eggs were 
occasionally consumed. On the whole, one 
could consider their diet to be lacking partic- 
ularly in animal protein. 

This preliminary report is based on the re- 
sults of 53 cases studied so far. Forty-eight 
patients were males and five were females. 
The average age of the group studied was 
21.68 years, with a range of 12 to 55 years. 
The majority of the patients were between 18 
and 30 years of age. All female patients 
suffered from amenorrhea. 

Stool examinations revealed that 51 patients 
were infested with ankylostoma; 16 of them 
were also suffering from urinary bilharzia, and 
three patients had ascaris as well. Two pa- 
tients were suffering from bilharzia only. 

The patients were divided into two major 
groups: the first group consisted of 27 patients 
who received a relatively low protein diet, and 
the second group consisted of 26 patients who 
received a modified standard hospital diet. The 
constituents of the two diets are shown in 
Tables I and II. The low-protein diet sup- 
plied 3,200 calories and 64 grams of protein; 
the modified standard hospital diet supplied 
3,440 cal and 102.5 g protein. It was not con- 
sidered practical to raise the calories in the low- 
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protein diet to the level of the other diet, since 
such a rise would have entailed the consump- 
tion of more fat and sugar. This would have 
rendered the diet unpalatable and at the same 
time intolerable, especially since it was in- 
tended that the diet be followed for one month. 
However there were enough calories in the low- 
protein diet to make available sufficient pro- 
tein for tissue regeneration. 


TABLE I 
Daily Constituents of the Low-Protein Diet 


Quantities indicated as edible part 


Breakfast 
Tea + sugar 20 g 
Jam 25 
Butter 20 
Fruit (apple type) 100 
Bread 100 
Lunch : 
Meat 40 
Vegetables 200 
Rice 150 
Fruit (apple type) 250 
Bread 100 
Jam 25 
Butter 15 
4 o’clock 
Dibis* 30 
Lebant 100 
Tea + sugar 20 
Dinner 
Salad 100 
oil 10 
Potatoes or 150 
macaroni 60 
Bread 100 
Fruit 250 
Jam 25 
Butter 15 


This diet supplies 3,200 calories and 64 g protein 
(8 per cent of the total calories) of which 10.7 g are 
animal protein. 

* Date syrup 

¢ Yoghurt 


The average daily consumption of the group 
that received the low-protein diet was 2,900 
cal and 56.4 g total protein, representing 7.8 
per cent of the calories; the average daily 
quantity of animal protein consumed was 15 g. 
The group that received the modified standard 
hospital diet consumed an average of 3,277 
cal and 103 g total protein, representing 12.6 
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TABLE II 
Daily Constituents of the Modified Standard Hospital 
Diet 
Quantities indicated as edible part 
Breakfast 
Tea + sugar 20 g 
Milk 150 
Eggs (2) or 
“gaimar”’ 40 
Bread ; 200 
Lunch 
Meat 60 
Rice 200 
Vegetables 250 
Fruit 225 
Bread 
4 o’clock 
Tea + sugar 20 
Dinner 
Soup containing cereals 20 
and pulses 20 
Meat 50 
Potatoes 150 
or macaroni 60 
or pulses 60 
Salad 100 
oil 10 
Bread 100 
Custard: 
milk 100 
sugar 20 
flour 10 


- This diet supplies 3,440 cal and 102.5 g protein 
(12 per cent of the total cal) of which 35.7 g are animal 
protein. 


per cent of the calories; the average daily con- 
sumption of animal protein was 37.2 g. 


Duration of the Experiment 


The majority of the patients were kept under 
experimental control from 26 to 32 days. In 
three patients, the study had to be terminated 
on the 21st day; in one, on the 17th day; and 
in another, on the 12th day. 

Since there are several nutritional factors 
essential for hemopoiesis and in order to elim- 
inate the most important one in the causation 
of ankylostoma anemia, a satisfactory supply 
of iron was given by mouth to all patients. 
Ferrous sulfate in a dosage of 2 g was ad- 
ministered daily. Practically all patients tol- 
erated the drug well, and none suffered from 
vomiting or diarrhea. Vitamin C was not 
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given with the iron, nor was any liver extract 
or vitamin By given. However, there was 
some difference in the vitamin C content of both 
diets; the low protein diet contained more 
fruits and thus supplied more vitamin C than 
the modified standard hospital diet. 

A dietitian weighed the diet of each patient 
and kept it on a separate tray clearly marked 
with the patient’s bed number. This work in- 
volved the weighing of 4,548 meals for the total 
number of patients during the experimental 
period, as well as the reweighing of what was 
left in the dishes. During meals, patients were 
supervised to prevent them from offering part of 
their meals to other patients. All trays were 
checked at the end of each meal, and any food- 
stuff left was weighed and the amount recorded 
on the “‘ingesta’”’ sheet for that patient. 

At the end of the experimental period, cal- 
culations were made of the total consumption 
of each foodstuff, from which the average daily 
consumption was derived. The results were 
then expressed in terms of calories and proteins, 
using the International Food Composition 
Table (compiled by F.A.O.) or data supplied 
by our laboratory. Precautions were taken to 
prevent relatives and visitors from bringing 
foodstuffs to patients. 


Hematologic Studies 


Blood was collected from the anticubital 
vein, avoiding undue venous congestion. Asan 
anticoagulant, a mixture of 0.4 per cent potas- 
sium oxalate and 0.6 per cent ammonium oxa- 
late in the dry form was used.! Hemoglobin 
was estimated by the oxyhemoglobin method 
using the ‘““Grey wedge photometer,”’ so cali- 
brated that the reading 100 corresponded to 
14.8 g Hb/100 ml blood. Cell counts were 
made in duplicate, and the packed cell volume 
was determined by use of the Wintrobe tube 
centrifuged for 30 min at 3,000 revolutions 
per min. After being read, the tube was re- 
centrifuged for another 15 min to ascertain 
that no further fall occurred in the level of the 
red blood cells. , 

The mean corpuscular volume (M.C.V.) and 
the mean corpuscular hemoglobin concentra- 
tion (M.C.H.C.) were calculated. Tables III 
and IV show the results of the various hemato- 
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logic studies carried out on the two groups of 
patients. The range of normality used for the 
M.C.V. was 75-96 c.u. and for the M.C.H.C., 
between 28 to 34 per cent.? According to the 
classification of Wintrobe, the types of anemia 
in the cases studied were as noted in Table V. 


TABLE III 
Results of Hematologic Studies Carried Out at the 
Beginning of the Experiment on Patients Receiving 
the Low-Protein Diet 


patient % lions P.C.V. in ¢.u. % 
1 61 3.92 33 84.2 26.8 
2 28 1.97 17 86.3 24.3 
3 33 2.00 14 7 34.8 
4 44 4.02 32.5 80.8 19.6 
5 25 1.59 16 100.6 22.6 
6 60 3.73 33 88.4 26.3 
F 81 3.80 38 100 30.8 
8 84 4.25 43.5 102.3 28 
9 38 3.23 26 80.5 21.2 
10 30 2.64 18.5 7 23.5 
12 45 3.69 26 70.4 25. 
13 35 2.34 17 72.6 30.4 
14 43 2.64 22.5 85.2 28.2 
15 36 2.62 19 72.5 28. 
16 31 2.78 21 75.5 21.8 
17 64 4.19 37 88.3 24.8 
18 34 2.21 19 86.3 26.5 
19 55 3.54 26 73.4 30.6 
20 36 2.89 20.7 71.8 27.7 
21 54 3.71 30 80.8 26.6 
22 30 1.50 16 106.6 27.7 
23 36 2.48 20 82.3 26.6 
24 37 2.79 20 71.7 27.4 
25 42 2.53 22 86.6 28.2 
26 43 2.18 23 105.5 27.6 
7 45 2.32 24 103.5 27.7 
28 56 3.33 31 93.1 28.1 
Mean| 44.6 | 2.92 24.6 84.7 26.7 


P.C.V. = packed cell volume; M.C.V. = mean cor- 
puscular vol; M.C.H.C. = mean corpuscular hemo- 
globin concentration. 


Biochemical Studies 

Blood proteins, plasma iron, and the un- 
saturated iron binding capacity in serum were 
determined for most of the patients on ad- 
mission as well as at the end of the study period. 
Analysis of these results will be the subject of a 
further publication. 


Clinical Examination 
In the group that received the low-protein 


n 
m 
ot ‘ 


418 THE AMERICAN JOURNAL OF CLINICAL NUTRITION 


diet, one patient had an enlarged liver, three 
fingers’ breadth below the costal margin and a 
spleen which reached the umbilicus. In an- 
other patient, the liver was enlarged two fingers’ 
breadth below the costal margin. In seven pa- 
tients, it was just palpable. Pitting edema was 
not demonstrated in any of the patients in this 
group, although puffiness of the face was noted 
in three cases. In three cases, the spleen was 
palpable two to three fingers’ breadth below the 
costal margin; in four cases, it was just pal- 
pable. 

In the group that received the modified 
standard hospital diet the liver was just en- 
larged in six cases. The spleen was significantly 
palpable in two cases, slightly in three cases, 
and just palpable in eight cases. There was 
slight pitting edema in one patient. 

Body Weight: The weights of more than half 
of the patients (52.8 per cent) could be con- 
sidered to be normal according to the “‘Stand- 
ard Weight” table published by the Associa- 
tion of Life Insurance Medical Directors and 
Actuarial Society of America (1912).* The 
normal range was considered 10 per cent above 
or below the average weight. Thirty-four per 
cent of the patients had a weight deficit fall- 
ing in the range of 10-20 per cent below aver- 
age weight, and 13.2 per cent in the range of 
20-30 per cent below average weight. 

The greater part of the patients in both 
groups were dewormed at the start of the ex- 
perimental period. Tetrachlorethylene in a 
dose of 3 ml was administered weekly for three 
consecutive weeks, and those patients simul- 
taneously infested with urinary bilharziasis 
were also treated with fouadin. At the com- 
pletion of the anti-parasitic treatment, re- 
peated stool and urine examinations were made. 
In a few cases, stool examinations remained pos- 
itive for ankylostoma ova even after three 
doses of tetrachlorethylene. 

Since the dietary histories of the patients 
were practically the same and since the major 
cause of the anemia was due to intestinal blood 
loss caused by ankylostoma, it was postulated 
that the level of anemia bore some relation 
to the number of worms in the intestine. It 
was therefore decided that the blood regenera- 
tion of certain patients in both groups would be 
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TABLE IV 
Results of Hematologic Studies Carried Out at the 
Beginning of the Experiment on Patients Receiving 
the Modified Standard Hospital Diet 


No. of 
patient 


M.C.V. 
in 


M.C.H.C. 
Te 
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compared while they still harbored the para- 
sites. Accordingly, two sub-groups were cre- 
ated for this experimental procedure as fol- 
lows: 


26 Patients on 27 Patients on 
Modified Standard Low-Protein 
Hospital Diet Diet 
Dewormed Not de- | Dewormed 
at the wormed at the 
start start 


13 13 20 7 


Not de- 
wormed 


RESULTS 


In analyzing the results, patients had to be 
further classified with respect to the level of 
hemoglobin at the beginning of the experi- 
mental period. It has been found that the 
mean daily rise of hemoglobin varies with the 
degree of anemia at the start. Thus, a pa- 
tient whose hemoglobin level at the beginning 
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TABLE V 
Types of Anemia in Patients Receiving the Two Diet 
Programs 
Number of patients 
Type of anemia Low- 
protein Standard 
diet group diet group 
Macrocytie orthochromic 2 2 
Macrocytic hypochromic 4 
Normocytic orthochromic 3 5 
Normocytic hypochromic 10 11 
Microcytic orthochromic 4 1 
Microcytic hypochromic 4 5 
Total 27 25 


is 30 per cent will have a higher daily rise of 
hemoglobin than a patient whose hemoglobin 
level is 60 per cent at the start. Accordingly, 
patients within each sub-group were arbi- 
trarily classified into three classes according to 
the level of hemoglobin: (class A) level below 
40 per cent, (class B) level between 40 to 59 
per cent and (class C) 60 per cent and over. 
Tables VI and VII show the average daily rise 
of hemoglobin as well as the average daily in- 
creas® of red blood corpuscles in the various 
groups and classes. 

Considering the results for the group that was 
simultaneously dewormed (Table VI) it will be 
seen that the patients whose hemoglobin level 
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was under 40 per cent and who received the 
Modified Standard Hospital diet (henceforth 
called the MSH diet) registered an average 
daily rise in hemoglobin of 1.93 per cent as 
compared with 1.42 per cent registered by those 
receiving the low-protein diet. Although the 
number of patients is not large, the difference 
in rise is statistically significant. Similarly, 
the difference in the average daily rise in red 
blood cells for the two groups of the class under 
question is significant—a daily increase of 
0.0745 million R.B.C. for patients on the MSH 
diet as compared with a daily average rise of 
0.0487 million R.B.C. for patients on the low- 
protein diet. 

The better effect of the MSH diet on the 
speed of recovery from anemia as compared 
with the low-protein diet is also shown in Class 
“B” (hemoglobin level between 40 to 59 per 
cent) of the same group (Table VI). An 
average daily hemoglobin rise of 1.86 per cent is 
registered on the MSH diet as compared with 
1.45 per cent on the low-protein diet. This 
difference is also statistically significant. How- 
ever, there is no difference in the average daily 
rise of red blood corpuscles in this class of pa- 
tients. 

Though the difference in the average daily 
rise of hemoglobin in class ‘‘C’’ (hemoglobin 


Average Daily Increase of Hemoglobin and Red Blood Cells of Anemic Patients Who Were Dewormed During 


Experimental Period 


Class A Class B Class C 
Hb level below 40% Hb level between 40-59% Hb level over 60% 
Number RBC rise | Number RBC rise} Number RBC rise 
of Hb in of Hb in of Hb in 
Type of diet patients 7 millions | patients rise millions | patients rise millions 
0 


Modified standard hospital diet 3 


1.93 | 0.0745 


6 1.86 | 0.0521 4 1.31 | 0.0365 


Low-protein diet 9 


1.42 | 0.0487 


6 1.45 | 0.0530 5 


0.71 | 0.0264 


TABLE VII 
Average Daily Increase of Hemoglobin and Red Blood Cells of Anemic Patients Who Were Not Dewormed 


Class A 
Hb level below 40% 


Class B 
Hblevel between 40-59% 


Type of diet Number of 


patien Hb rise 


RBC rise in Number of RBC rise in 
millions patients Hb rise millions 
0 


Modified standard hospital diet 7 1.99 


0.0700 6 0.0298 


Low-protein diet 4 1.34 


0.0550 3 1.4 0.0300 
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level above 60 per cent) is marked (1.31 per cent 
on the MSH diet as compared with 0.71 per cent 
on the low-protein diet). Statistically it has 
not been found to be so. Similarly, no statisti- 
cal significance is found in the difference be- 
tween the average daily rise of red blood cor- 
puscles in both groups. 

Consideration of the group of patients who 
were not dewormed (Table VII) shows that the 
patients who fell under class ‘‘A’’ registered 
an average daily rise of hemoglobin of 1.99 per 
cent on the MSH diet as compared with 1.34 
per cent on the low-protein diet. Statistically, 
the difference is very significant. The average 
daily rise of red blood cells for the same class of 
patients was 0.0700 million per cu mm of blood 
on the MSH diet as compared with 0.0550 mil- 
lion on the low-protein diet. This difference is 
not statistically significant. In the class ‘“B” 
patients the difference in average daily rise of 
hemoglobin was not very significant statisti- 
cally. There also was no difference in the 
average daily increase of red blood cells for the 
comparable groups. 

A shift to macrocytosis following treatment 
with iron was found at the end of the experi- 
mental period in the blood picture of quite a 
number of patients. Six of the 20 patients who 
received the low-protein diet in the group that 
was dewormed at the start developed macro- 
cytosis. Three other patients remained macro- 
cytic. In a fourth patient, the blood picture 
was macrocytic at the start but changed to 
normocytosis. Four patients out of 11 who re- 
ceived the MSH diet in the corresponding 
group developed macrocytosis, and two already 
macrocytic remained unchanged. 

Among the group that was not dewormed, 
four patients out of seven on the low-protein 
diet developed macrocytosis, and one already 
macrocytic remained so. The blood picture 
of eight patients out of 13 on the MSH diet 
also changed to macrocytosis, and one patient 
already macrocytic remained so. 

In a previous work on the anemia of ankylos- 
tomiasis, Demarchi and Jalili‘ found similar re- 
sults as regards the development of macro- 
cytosis during treatment with iron. This 
phenomenon, as Lehmann’ suggested, may be 
due to an outpouring of reticulocytes from a 
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bone marrow stimulated by constant blood loss. 
The development of macrocytosis may be due 
to the existence of a dual deficiency of iron and 
antianemic factor; the macrocytosis of one de- 
ficiency may be masked by iron deficiency and 
on correction of one deficiency the other de- 
ficiency develops.6 On the other hand, the 
macrocytosis may be simply the result of a 
macro-normoblastic reaction of the bone mar- 
row activated by a good supply of iron in the 
presence of blood loss.?.” 


CONCLUSION 


Although the number of patients in each 
group under study is not large enough to 
enable one to draw a positive conclusion, there 
is strong indication that in severe ankylos- 
toma anemia, a diet high in protein is more 
effective than a relatively low protein diet in 
the treatment of the anemia. The rate of 
recovery has been without doubt quicker on 
the modified standard hospital diet for the 
severely anemic patients. Qualitatively, there 
was not much difference between the two 
diets, since both of them contained animal 
protein. However, there was a difference of 
about 38 g in the protein content. The low- 
protein diet, on the other hand, was in a more 
favorable position as regards its vitamin C con- 
tent, but it was certainly not in a similar posi- 
tion as regards its vitamin By: content. The 
problem of the difference in the iron content of 
the two diets has been amply counteracted by 
the administration of a high dose of iron by 
mouth. Further study is in progress to find 
out whether a diet containing a still higher per- 
centage of protein would give a more favorable 
result. 
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Catalytic Enzyme for Medical Practice 


“Today’s medicine’s need for an internal critique is even greater than the need 
of general science for self-correcting forces. Medicine is a curious mixture of arts 
and science. Where its practice accomplishes useful ends the arts retain their 
primacy and provide the medium through which science is applied to the welfare of 
patients. An inner critique has provided self-correcting and adjusting forces in 
the graphic arts, drama, and music. Politics has its correctives, be they election or 
revolution. But mce«icine has never had an effective forum for critique within and 
only at times fair criticism from outside. Since the conserving arts of medicine, though 
essential, tend to hold back progress if not examined and refreshed by the experi- 
ment and experience of practice, and since the essential characteristic of science is 
that it is provisional, forever being finished but never finished, change is the life 
blood of medicine. But change, unless directed, rarely correlates with progress. 
The crucial and painful defect of present-day medical practice is the lack of effective 
critical introspection. A deficiency of the catalytic enzyme, criticism, can be harm- 
ful, can produce as much morbidity and mortality in medical practice, teaching, and 
research as a vitamin deficiency can produce in a growing, living creature.” 

—wW. B. Bean, A. M. A. Archives of Internal Medicine 97: 497, 1956. 
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Low Serum Vitamin Bx» Concentrations 


in Alcoholics; 


Improvement with 


Liver Therapy 


Hucures GOUNELLE, M.D.* AND JEAN RICHARD, M.D.f 


PROTECTIVE effect that vitamin Bi 
exerts on the liver seems to be well estab- 
lished according to reports by Burns and Mc- 
Kibbin, Campbell and Pruitt, Strength et a/ as 
well as Hove and Hardin,' and Popper et al.? 
In addition, Wolff, Royer, and Karlin*® have 
determined the liver stores of vitamin Bi: after 
administration of carbon tetrachloride to rats. 
Following administration of this toxic agent by 
inhalation, injection, and ingestion, a 50 per 
cent reduction in concentration of vitamin By2 
in the liver was found. This reduction was re- 
lated to the degree of fatty infiltration. Inas- 
much as alcoholism is generally associated with 
various degrees of liver damage, the above 
findings suggested an investigation into the 
effects of alcoholism on the serum vitamin By. 
concentration in humans. 

We have studied both healthy individuals 
and 18 patients, including cases of anemia, can- 
cer, and myeloid leukemia. The average serum 
vitamin By level in this group was 0.53 mug 
per ml. The average total serum vitamin By. 
level was determined after heating at 120° C 
for 6 minutes with KCN (pH 5.5) and in dilu- 
tions at pH 6.8‘ with Escherichia Coli 113-3. 
Further details can be obtained in work pre- 
viously published.*® 

We also selected nine cases of chronic al- 
coholism hospitalized for typical gastric or 
neuritic disorders or for withdrawal therapy. 
In these subjects the low serum vitamin By 
concentrations were found as noted in Table I. 


* Directeur du Centre de Recherches Foch, 4 Avenue 
de l’Observatoire, Paris. 

+t Docteur en Médecine. 

Supported by Grant de l'Institut National d’Hygiéne- 
Paris (Directeur Professeur L. Bugnard). 


In these cases of chronic alcoholism the 
average serum vitamin By concentration was 
found to be 0.26 myug/ml, or approximately 
one-half that of the concentration found among 
normal individuals. 


DISCUSSION 


Several factors serve to explain the 50 per 
cent reduction in serum levels. These may be: 
the low intake of nutrients with a high vita- 


TABLE I 
Serum Vitamin B,. Levels in Chronic Alcoholic Patients 


Serum 
Patient vitamin 
num- By 
ber Clinical condition myug/ml 


1 Polyneuritis, cardiac fail- 
ure 

Pulmonary abscess 

Cor pulmonale, acute alco- 
holism, withdrawal 
treatment 

Withdrawal treatment 

Withdrawal treatment 

Delirium tremens 

Polyneuritis, senility, car- 
diac failure 

Cirrhosis 

Delirium tremens 

Average 


cooo 
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min By content because of the lack of appetite, 
irregular diet, etc., and impaired absorption 
resulting from physiopathologic changes in the 
gastrointestinal mucosa. 

Liver damage per se however is apparently 
not a predominant factor because in studies on 
five cases with extensive hepatic involvement 
we have found after the daily intramuscular 
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0.35 

0.19 
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administration of liver extract* containing 10 
ug of vitamin By, the average serum vitamin 
By concentration was within the normal range 
(Table II). Simple intramuscular liver therapy 


TABLE II 


Improvement in Serum Vitamin By. Levels in Liver 
Disease after Intramuscular Liver Therapy* 


Vitamin 
Patient Br 
num- level 
ber Age Clinical condition and treatment mug/ml 
: 62 Portal hypertension and 0.60 
polyneuritis; 15 days of 
treatment for a total of 
150 wg vitamin 
2 30 Cirrhosis, polyneuritis; 7 0.54 
days of treatment, total 
70 ug 
3 45 Hepatomegaly polyneuri- 0.40 
tis; 5 days of treatment, 
total 50 ug 
4 45 Early cirrhosis, polyneu- 0.54 
ritis; 13 days, total 130 
ug 
5 46 Cirrhosis, asthma; 150 0.63 
ug 
Average 0.54 


* Liver extract (Choay’s) containing 10 ug vitamin 
By per 2 ml administered daily. 


containing minimal amounts of cyanocobalamin 
produces normal values. No reason, therefore, 
can be found to support the frequent use of 
enormous doses of vitamin By, that is, from 500 
to 1,000 ug. It has been reported that almost 
total excretion of the vitamin occurs under 
these conditions. The specific mechanism of 
the action of vitamin By, when administered 
intramuscularly, has not been established. As 
far as we know, normalization of the serum 
level seems to be a reasonable objective. It 
appears that this can be satisfactorily achieved 


* A preparation of liver extract (Choay’s) containing 
10 wg vitamin By. per 2 ml administered daily. 


GOUNELLE AND RICHARD 423 


with liver extract therapy. Jones, Mills and 
Capps’ using a method with Euglena gracilis 
observed markedly elevated total serum level 
in patients with alcoholic cirrhosis. However, 
our alcoholic patients were without severe 
hepatic injury. 


CONCLUSIONS 


Serum total vitamin Bi. concentrations were 
found to be low in cases of chronic alcoholism. 
The concentrations were 50 per cent below that 
of a normal group (normal 0.53 myg per ml; 
the average in alcoholism was 0.26 mug per ml). 

Normalization of vitamin Bj: concentrations 
was satisfactorily obtained with a daily intra- 
muscular injection of liver extract containing 10 
ug of cyanocobalamin. Mention is made of the 
waste that administration of large doses of 
vitamin By represents. 
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The Effect of Isonicotinic Acid Hydrazide 
and Vitamin B, on Glutamic-Oxalacetic 


Transaminase Levels in Whole Blood’ 


MartTIN Sass, M.S. AND GERALD T. MURPHY, M.D. 


YRIDOXINE or its metabolites are known to 
act as a prosthetic group for transaminase 
enzymes in animals.':?, While this relationship 
is presumably true in humans, evidence for 
this is indirect. Recent investigations in 
normal subjects* and in pregnant women‘ have 
indicated that supplementation with pyridoxine 
results in a significant elevation of blood 
transaminase activity. When supplementation 
is discontinued there is a slow return of blood 
enzyme activity to pre-administration levels. 
Studies in the pyridoxine-deficient state 
have been less revealing. In monkeys, vitamin 
Be deficiency produced through dietary re- 
striction resulted in a reduction of blood 
transaminase levels below those of control 
animals.* No such differences have been 
reported in humans in whom pyridoxine 
deficiency is not so easily established. In 
one study of pregnant women whose response 


to tryptophan loading was characteristic of - 


pyridoxine deficiency, blood transaminase values 
did not differ from those of non-pregnant 
controls.‘ To our knowledge, no other studies 
have been reported on this problem. 

Recent reports indicate that the administra- 
tion of isonicotinic acid hydrazide (INH) in 
high doses can produce a syndrome in humans 
suggestive of pyridoxine depletion.’ Inanimals, 
INH has been used to produce a presumably 
more severe pyridoxine deficiency than can be 
produced by dietary means or by the adminis- 
tration of desoxypyridoxine.? These observa- 


* This paper originally published in the January— 
February, 1958 issue, is being republished in toto be- 
cause of some errors in the sequence of the material 
presented. 

From the Medical Services of the Veterans Adminis- 
tration Hospital, Brooklyn 9, New York, 


tions suggested the study of blood glutamic- 
oxalacetic transaminase (G.O.T.) levels in 
patients receiving INH in routine tuberculosis 
therapy. 


EXPERIMENT 


Subjects: Six groups of patients were studied 
in all. Three of these (Groups A, B and C) 
were studied to determine whether differences 
in whole blood G.O.T. levels existed in indi- 
viduals receiving INH as compared with indi- 
viduals not receiving this drug. 

Group A served as a control and was 
selected at random from a large group of 
medical and surgical patients. Selection of 
patients was limited by the exclusion of cases 
with myocardial infarction, cirrhosis of the 
liver or hepatitis. Group B consisted of 
patients from the Chest Service of this hospital, 
all of whom had been receiving INH (300 
mg/day) for at least 30 days. Group C 
consisted of nine men and four women volun- 
teers selected from laboratory and ward 
personnel. All of these subjects were in good 
health, of average income, with presumed 
average dietary habits. In contrast to Group 
A, Group C was not fed from the hospital 
kitchen. Two additional groups of patients 
(D and E) who had never before received INH 
were selected at random from the Chest 
Service. Group D was placed on INH therapy 
(500 mg/day) and Group E received INH 
(500 mg/day) plus pyridoxine (25 mg/day). 

Whole blood transaminase activity was 
measured at the start and at suitable intervals 
throughout the 6 to 12 week experimental 
period. Complete hematologic studies were 
done on these patients at the start, middle and 
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end of the study. At the end of this experi- 
mental period, three patients in each group, 
D and E, received a tryptophan load test.'* 

The last group (Group F) consisted of 
selected patients with the lowest blood trans- 
aminase levels achieved after the administra- 
tion of INH (500 mg/day) for 6 to 12 weeks. 
These patients continued to receive the same 
dose of INH plus supplementary multivitamin 
tablets without pyridoxine. Blood trans- 
aminase activity was measured at suitable 
intervals. 

Laboratory Methods: Blood was collected in 
dry oxalate (Heller and Paul) and a 1:20 
dilution was prepared in distilled water. 
This dilution of hemolyzed blood was centri- 
fuged at 2500 rpm for 15 minutes to remove cell 
stroma. The clear supernatant was analyzed 
on the same day. In several cases, when 
necessary, the hemolysate was stored for 2 to 4 
days at —20° C prior to analysis. The stability 
of the transaminase enzyme under these 
conditions is well established. 

A modification® of the spectrophotometric 
procedure of Karmen and associates’ was used 
for the estimation of glutamic-oxalacetic trans- 
aminase. This procedure is much more 
sensitive than that used by other investigators 
and does not present any of the reported 
difficulties*:* encountered with the use of the 
older procedure of Tonhazy, White and 
Umbreit.® 

For this assay 0.2 to 0.3 ml of a 1:20 dilution 
of whole blood was analyzed. Readings were 
taken in a Beckman DU spectrophotometer, 
one unit representing a change in optical 
density of 0.001 O.D. units per minute, in a 
total volume of 3.0 ml under the conditions 
specified. All operations were carried out at 
room temperature. The temperature coeffi- 
cients developed by Steinberg and Ostrow® 
were used to correct the values to a temperature 
of 25° C. 

Lactic dehydrogenase (L.D.H.) levels were 
determined by an enzymatic technic based on 
the oxidation of reduced coenzyme I in the 
interconversion of pyruvic to lactic acid.’ 

The concentration of hemoglobin in the 
dilution of blood analyzed was determined by 
spectrophotometric estimation of oxyhemo- 
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globin at 540 my using a Beckman DU spectro- 
photometer. This instrument was standardized 
for hemoglobin determination by the 
manometric procedure of Van Slyke."' All 
other hematologic data were obtained by 
standard technics. 


RESULTS 

The data in Table I indicate that the mean 
whole blood G.O.T. level of patients receiving 
300 mg INH per day (Group B) is lower than 
that of the control series of hospital patients 
(Group A). Surprisingly enough, the mean 
blood transaminase level in non-hospitalized 
volunteers (Group C) is almost identical with 
that of Group B rather than with that of 
Group A, as might be expected. 


TABLE I 
Glutamic-Oxalacetic Transaminase and Lactic De- 
hydrogenase Activity in the Blood of Patients with 
and without Prolonged INH Therapy* (Mean + S§. E.) 


G.O.T. L.D.H. 
Units/100 Units/mg 
Group Units/ml mg Hb Hb 
A (Control) 723 + 25 | 526+ 20 | 1542+3.1 
(23) (12) 
B (INH)* 550 + 38 | 390 + 26 | 152 4+1.0 


(19) (16) 
C (Volunteers) | 590+ 29 | 420+6 | 15741.7 
(13) (13) 


Significance (P) 


A vs. B <0.01 <0.01 0.62 
A vs. C <0.01 <0.01 0.69 
B vs. C 0.57 0.62 0.48 


* INH therapy consists of 300 mg/day for a period 
of at least 30 days (numbers in parentheses refer to 
number of patients). 


“Pp” values (Table I) indicate that the dif- 
ferences between Groups A and B and Groups 
A and C are highly significant. These dif- 
ferences did not change appreciably when the 
transaminase units were calculated on the 
basis of hemoglobin content indicating that 
variations in cell count, as reflected by hemo- 
globin content, did not account for the dif- 
ferences observed. All subsequent G.O.T. 
values are reported in units per 100 mg hemo- 
globin. 

Blood lactic dehydrogenase levels (L.D.H.) 
of the three groups were also studied to 
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determine the specificity of the presumed 
effect of INH administration (Table I). The 
high ‘“‘P” values indicate that there are no 
significant differences among the three groups. 

Serial Studies: The blood G.O.T. levels 
during the experimental period of INH and 
vitamin Bs administration are presented in 
Figure 1 for two representative patients in 
each of groups D and E. The increase in 
G.O.T. level during INH plus vitamin Be, 
therapy (Fig. 1A) is marked beginning within 
10-15 days after the start of pyridoxine 
administration. The decrease in G.O.T. activ- 
ity observed during INH therapy alone, on 
the other hand, is limited and does not occur 
until 20-25 days of INH therapy at a level of 
500 mg/day. 

The transaminase values for each patient in 
groups D and E at the beginning and end of 
the experiment are presented in Table II. 
The differences between the mean pre- and 
post-therapy values for each group have been 
found to be statistically significant in contrast 
to the difference between the mean G.O.T. 
values for the two groups at the start of therapy. 
Plasma G.O.T. levels in all patients were 
within the normal range and could not in- 
fluence whole blood transaminase levels signifi- 
cantly. 

At the end of this experimental period three 
patients in each group were selected for a 
tryptophan load test. Twenty-four-hour urine 
specimens were collected on each patient for 
control levels. At the end of this period, 
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Blood G.O.T. levels during INH therapy. 


TABLE II 
Change in Transaminase Activity in Whole Blood of 
Patients on INH Therapy with and without Vitamin 
(units/100 mg Hemoglobin) 


Pre- Post- 
therapy therapy 


Per cent 


Patient change 


435 —3l 
210 —59 
280 —25 
345 —43 


—3l 


Group E 
INH and 
vitamin +75 
Bg ther- +32 
apy : +62 

Mean 432 +69 


* Therapy: 25 mg vitamin B./day and/or 500 mg 
INH /day over a period of from 5 to 11 weeks. 


10 g vtL-tryptophan* were administered by 
mouth and another 24-hour-urine collection 
was obtained. All urines were analyzed for 
xonthurenic acid? and the results are presented 
it Cable III. They indicate that none of the 
patients in either group exhibited the marked 
increase in xanthurenic acid excretion indica- 
tive of pyridoxine deficiency.'* 

The mean hematologic values for each of the 
two groups at the beginning and end of the 


* Generously supplied by Merck, Sharpe & Dohme, 
Inc. 


426 
800 
600 
400 
200 200 
— —— 
1 625 
Group D 2 510 
INH 3 375 
therapy 4 605 
5 360 315 —12 
6 385 380 _— 
Mean 475 330 Zz 


July-August, 1958] 


TABLE III 


Xanthurenic Acid Excretion after Tryptophan Load 
Test 
Xanthurenic acid 
mg/24 hours 
Post-trypto- 
Patient Therapy Control* phan 
2 INH 29.8 48.0 
3 INH 20.4 55.0 
4 INH 28.8 34.4 
8 INH and Beg 30.4 
10 INH and Bez 16.4 1.9 
1l INH and Be 25.0 27.0 


* 24-hour urine collection prior to administration of 
10 g pL-tryptophan. 


experiment are presented in Table IV. Since 
the hemoglobin content of the blood was used 
as a reference in calculating the G.O.T. level, 
any changes in the hemoglobin concentration 
per red cell (MCHC) could exaggerate changes 
in G.O.T. These changes did not occur. The 
significance of the apparent macrocytosis 
indicated by the elevated mean corpuscular 
volumes (MCV) is not apparent at the present 
time. 

In order to evaluate the effect of vitamins 
other than pyridoxine, four additional patients 
(Group F) were studied. This group of 
patients had been receiving INH (500 mg/day) 


TABLE IV 
Hematologic Indices before and after Experimental 
Period 
RBC Hb 
MCV} MCH |MCHC| mili/ | g/100 | Hct 
mm* ml % 
Group D 102 | 31.6 | 31.3 | 4.79 | 15.1 | 49 
Pre-ther- 
apy 
Group D 102 | 30.9 | 30.8 | 5.07 | 15.3 | 50 
Post-ther- 
apy 
Group E 101 | 29.1 | 28.9 | 4.66 | 138.5 | 47 
Pre-ther- 
apy 
Group E 100 | 30.2 | 30.4 | 4.70 | 14.2 | 47 
Post-ther- 
apy 
= mean corpuscular volume 


= mean corpuscular hemoglobin 
MCHC = mean corp lar h globin concentration 


RBC = red blood cells 
Hb = hemoglobin 
Het = hemocrit 
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TABLE V 

Transaminase Activity in the Blood of Patients on 

INH before and after Multivitamin Therapy* (Units/ 
100 mg Hemoglobin) 


Pre- Post- 
Patient therapyt therapy % Change 
2 210 210 0 
4 280 200 —29 
5 280 240 —16 
6a 200 190 - 6 
Mean —12.5 


* Two multivitamin tablets/day plus 500 mg INH/ 
day for weeks. 
t Mean of two determinations one week apart. 


for 6 to 12 weeks and were selected on the 
basis of low whole blood G.O.T. levels. They 
were continued on the same INH therapy and 
were given, in addition, a daily dose of two 
multivitamin* tablets without pyridoxine. 
G.O.T. levels were measured at intervals. The 
results (Table V) indicate that the administra- 
tion of vitamins other than Bg did not increase 
blood G.O.T. levels in the dosages employed. 


DISCUSSION 


In animals, INH has been demonstrated to 
produce a pyridoxine deficiency that is more 
severe than can be evoked by dietary restric- 
tion or by the administration of desoxypyri- 
doxine.?. In humans, peripheral neuropathy 
has been noted after doses of INH ranging 
from 24 mg per kg per day to as low as 3 to 5 
mg per kg per day.’ These toxic manifesta- 
tions, amenable to pyridoxine therapy, are 
presumably due to the formation of an INH- 
pyridoxine complex,’ effectively removing pyri- 
doxine from the available pool for tissue 
utilization. The relative infrequency of overt 
clinical signs of toxicity at lower doses of INH, 
however, is no assurance that more subtle 
biochemical changes do not occur. 

Our studies indicate that the administration 


* Each tablet contains the following vitamins: 


Vitamin A — 5,000 U 
Vitamin D — 450U 
Thiamine _— 2 mg 
Riboflavin — 3 mg 
Nicotinamide 20mg 


Ascorbic acid — 


75 mg 
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of INH results in a drop in blood transaminase 
activity despite the absence of clinical signs of 
toxicity. The mean G.O.T. activity in the 
blood of patients receiving 300 mg INH per 
day for a period averaging approximately 
four months (Table I, Group B) was found to 
be significantly lower than that of a control 
group on the same diet (Table I, Group A). 
This dosage level constitutes the usual regimen 
in the therapy of tuberculosis. More recently, 
some investigators have concluded that this 
dose is inadequate therapy and have suggested 
the use of a minimum of 8 mg per kg per 
day.—!§ At approximately this level (500 mg 
per day) INH has been shown to depress 
blood transaminase activity within a period 
of from 6 to 11 weeks (Fig. 1B; Table II, 
Group D). This effect could be reversed by 
the administration of 25 mg pyridoxine per 
day (Fig. 1A; Table II, Group E). Vitamins 
A and D, thiamine, riboflavin, nicotinamide 
and ascorbic acid were ineffective in the doses 
employed (Table V). 

The significance of measurements of blood 
transaminase activity is certainly unclear at 
present. High doses of INH have already been 
shown to produce metabolic alterations indica- 
tive of pyridoxine deficiency.» With the dose 
used in this study (500 mg per day), tryptophan 
load tests at the end of the period of therapy 
were normal (Table III) in agreement with a 
previous report.> It is difficult, therefore, to 
avoid the suggestion that blood transaminase 
levels may serve as a more sensitive indicator 
of the adequacy or inadequacy of pyridoxine 
intake. The surprising finding that the mean 
G.O.T. activity of hospitalized control patients 
(Table I, Group A) exceeded that of non-hos- 
pitalized volunteers (Table I, Group C) could 
be a reflection of this relationship. It is 
certainly conceivable that the vitamin Bg 
content of the routine, well-controlled hospital 
diet received by Group A was greater than that 
of the uncontrolled, non-institutional diet 
chosen by Group C. Unfortunately, no such 
measurements could be made. 

Until further information becomes available 
on the meaning of the observed changes in 
transaminase activity during INH therapy, it 
would seem prudent to prevent their occurrence 
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by the administration of small doses of pyri- 
doxine whenever long-term INH therapy is 
necessary. The minimal dose of pyridoxine 
adequate to accomplish this has not as yet been 
determined. The amount used in this study 
has already been found to be effective in pre- 
venting peripheral neuritis in patients receiv- 
ing 8 mg INH per kg per day." This is 
probably in excess of that required to prevent 
changes in blood G.O.T. activity. It is ex- 
pected that further study with smaller doses 
will indicate more precisely the amount of 
vitamin Be required to ‘‘neutralize’”’ the effects 
of known amounts of INH. 


SUMMARY AND CONCLUSIONS 


The effect of INH and pyridoxine on whole 
blood glutamic-oxalacetic transaminase 
(G.O.T.) levels has been investigated. The 
mean blood G.O.T. activity of patients 
receiving 300 mg INH per day has been shown 
to be lower than that of control hospital 
patients but not significantly different from 
the mean of a group of normal, non-hospitalized 
subjects. 

Serial studies at higher doses (500 mg INH 
per day) indicated that a significant drop in 
blood transaminase activity occurred after 
6 to 11 weeks of therapy. At this time, 
tryptophan load tests were normal. These 
changes in blood transaminase activity were 
reversed by the administration of 25 mg pyri- 
doxine per day and not by a group of other 
vitamins. 

In view of these findings, it is suggested that 
blood G.O.T. activity may reflect the level 
of pyridoxine intake even before tryptophan 
metabolism becomes markedly abnormal. Until 
the actual significance of these changes be- 
comes more clearly defined, it would seem 
advisable to combine the administration of 
pyridoxine with INH to prevent a depression 
in blood transaminase activity. 
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Growth and Development of 


Central American Children 


I. 


GROWTH RESPONSES OF RURAL GUATEMALAN 


SCHOOL CHILDREN TO DAILY ADMINISTRATION 
OF PENICILLIN AND AUREOMYCIN 


Micvuet A. GuzMAv, M.s.,* NEvIN S. SCRIMSHAW, PH.D., M.D.,f AND ROBERT J. MONROE, PH.D.t 


they MANY clear demonstrations that certain 
of the antibiotics increase the growth of 
domestic and experimental animals when added 
to their daily rations have been reviewed by 
Stokstad.' Studies of the effects of antibiotics 
upon the growth of children are relatively few 
and inconclusive. As early as 1951 Perrini? 
reported that the administration of 25 mg of 
Aureomycin® per kg of body weight per day 
to premature infants produced an initial two- 
day reduction in weight with a subsequent in- 
crease. At the end of a ten-day trial, the 
experimental group was 8 per cent heavier than 
the control group. In 1952 Snelling and John- 
son* noted that Aureomycin lowered the 
morbidity, increased the growth rate and 
shortened the hospital stay of premature in- 
fants. Robinson‘ administered 50 mg _ per 
day of Aureomycin to twins and triplets in 
controlled trials, and reported that in general 
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babies receiving the antibiotic’ gained more 
weight than the controls. Five of 15 controls 
died of intercurrent infections, no deaths were 
reported for the experimental group. Mac- 
Dougall’ has also found that administrating 
Aureomycin to children hospitalized with 
severe malnutrition resulted in more rapid re- 
coveries and lower mortality. Her experimen- 
tal group gained an average of 45.3 g daily as 
compared with 14.1 g for controls similarly ill. 

Scrimshaw and Guzman' reported that 50 mg 
per day of Aureomycin administered orally to 
Guatemalan school children for an 18-month 
period produced gains in both weight and height. 
The authors were cautious, however, in the 
interpretation of these results, since a true con- 
trol group could not be included in the experi- 
ment. Mackay ef al.’ presented evidence for a 
slight positive effect of 50 mg Aureomycin 
daily to school children on weight increase 
but not on gain in height. 

These studies are not conclusive, at least in 
regard to the generalization of their findings 
to population groups. Before attempting to 
draw conclusions as to the long-term effect of 
the continued administration of antibiotics on 
the growth of children, it is desirable to have 
more information from replicated trials with 
true controls. The present study has been 


designed for this purpose. 


MATERIAL AND METHODS 


The subjects were school children of pre- 
dominantly Mayan origin in the 6- to 12-year 
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age range at the start of the trial, living in two 
adjacent villages, San Antonio Aguas Calientes 
(SAAC) and Santa Catarina Barahona (SCB) 
in the Guatemalan mid-highlands at approxi- 
mately 4,000 ft elevation. Dietary surveys 
carried out in each village*:* report the intakes 
of animal protein and vitamin A to be low; 
the consumption of other nutrients and of 
calories was found reasonably satisfactory. 
These children have been shown to be approxi- 
mately two to four years behind those of the 
United States in weight and height, and their 
bone ages show a retardation of 2.5 years when 
compared to U. S. standards.® 

Clinical examination revealed few of the 
signs usually associated with frank mal- 
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nutrition excepting xerosis and follicular hyper- 
keratosis which were prevalent in mild degrees. 
No evidence of rickets or scurvy was found, and 
hematological studies failed to demonstrate any 
marked deviations from normal.’ Serum 
total protein, riboflavin, vitamin A, vitamin E, 
and alkaline phosphatase levels in these chil- 
dren have been previously reported to be 
within normal limits, but serum vitamin A 
and carotene levels were found to be some- 
what low.'! In similar children in a nearby 
village Arroyave et al.'* have demonstrated that 
the urinary excretion of riboflavin is very low, 
but that thiamine, pyridoxin and n-methyl- 
nicotinamide excretion are within normal 
limits. Parasitic infestation was heavy, espe- 


TABLE I 


Unadjusted Mean Rates of Growth, Age, and Treatment Frequency in Guatemalan School Children. Period One. 
November 1953—November 1954 


Village Treatment 


Weight pony at Starting Treatment 
kg/mo cm/mo frequency 


Penicillin 
Males Aureomycin 
Placebo 


0.17 0.41 28 | 216.95 
0.22 0.48 192.25 
0.16 0.36 t 


All males 


0.18 0.42 203 .48 


Penicillin 
Females Aureomycin 
Placebo 


0.21 0.48 206 .06 
0.47 209.70 
0.44 8 t 


All females 


208.15 


All SCB village 


205.70 


Penicillin 
Males Aureomycin 
Placebo 


203 . 87 
171.04 


All males 


183.05 


Penicillin 
Females Aureomycin 
Placebo 


201.33 
164.05 
t 


All females 


178.48 


All SAAC village 


181.08 


Both villages in the period 


193.77 


* Santa Catarina Barahona. 
¢ San Antonio Aguas Calientes. 


t Arbitrarily defined as identically zero. Not used in computing the means. Actual frequency of placebo 
administration did not differ significantly from that for penicillin and Aureomycin. 


| | 
| 20 
24 
25 
17 ; 
23 
25 
| 65 0.21 0.46 8.81 
134 0.29 0.44 9.45 
15 0.18 0.36 9.99 
26 0.23 0.44 9.42 
| 33 0.17 0.39 9.90 —_ 
SAACT 74 0.19 0.40 9.75 
) 12 0.25 0.43 10.24 | 
19 0.25 0.47 9.25 
| 21 0.19 0.41 9.68 * 
52 0.22 0.44 9.65 
126 0.21 0.42 9.71 
260 0.20 0.43 9.58 
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cially with Ascaris lumbricoides and Trichiurus 
trichiura, although Necator americanus was 
not detected.® 

All of the children in the public school in 
each village were divided by sex and age into 
three comparable groups. The same procedure 
was followed with the groups of new children 
that began school at the start of each sub- 
sequent school year. 

Tablets containing either 50 mg of penicillin, 
50 mg of Aureomycin or placebo (sweetened 
starch) were randomly assigned to the different 
groups of children in each village. The daily 
oral administration of the treatments to each 
individual was carefully supervised and re- 
corded. 

Weight and height measurements were taken 
each month during the experimental period, 
except during the vacation months when no 
measurements were taken. The treatments, 
however, continued to be administered in these 
intervals. All measurements were made during 
the period included between the fifth and tenth 
days of each month. A springless platform 
type scale was used for weighing the children 


and standard reference weights were employed 
for calibrating the scale at the beginning and at 


the end of each weighing session. The weight 
observations were recorded to the nearest !/1 
pound and later converted to kilograms. For 
the height measurements a special wooden 
frame was used which permitted the direct 
reading of height in centimeters from a standard 
steel measuring tape. 

Administration of the treatments started on 
November 5, 1953 and ended on November 10, 
1955. Athough observations were made on 
332 children, only 314 individuals were in- 
cluded in the final tabulation since all the chil- 
dren having three or less observations were 
omitted from the analysis. The observations 
from November 1953, through November 1954 
were included in period one. The observations 
from December 1954, through November 1955, 
were included in period two. Each period, 
therefore, consisted approximately of a full 
school year and a vacation interval. Most 
children had enough observations to be in- 
cluded in both periods, although some were in- 
cluded in one period only. The total number of 
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children included per treatment group, accord- 
ing to sex, village classification and period 
subdivision, are presented for period 1 in Table 
I and for period 2 in Table II. 

The original data, which included village 
designation, treatment group, sex, age at the 
start of the experiment, monthly observations 
of weight and height measurements and fre- 
quency of treatment for each child, were coded 
and punched on IBM cards. The bulk of com- 
putations was carried out using an IBM type 
650, Magnetic Drum Data Processing 
Machine.* 


RESULTS AND DISCUSSION 


The unadjusted means of the monthly rates 
of growth for period one are shown in Table I 
and for period two in Table II. It is apparent 
that the rates of increase, for both weight and 
height, tended to be consistently higher in 
period one than in period two. The examina- 
tion of the individual rates of weight gain re- 
vealed that in period one there were only three 
children with negative rates of gain, one in the 
Aureomycin group and two in the placebo 
group while in period two there were 25 children 
with a negative rate of weight gain. Twelve 
of these children received placebos, six, peni- 
cillin and seven, Aureomycin. These observa- 
tions suggest that an adverse factor of unknown 
nature operated during period two. 

It is interesting to note that in period one, 
village SAAC had a slightly better rate of 
weight gain than village SCB while the opposite 
was true for the rates of increase in height. 
In period two, however, village SCB had the 


* The analysis consisted in the computation of the 
simple linear regression coefficients of weight, height, 
log weight, and log height on the month of observation 
as estimates of the rates of gain for every child in each 
period. These rates were then analyzed for effect of 
age, sex, village, and frequency of treatment as well 
as type of supplement using a multiple regression model 
which included the contrasts between these factors as 
main effects. The study of higher order effects was 
carried out in four analyses of variance following the 
method of unweighted means. Details of the statistical 
techniques employed are given in the M.S. Thesis of 
the senior author deposited June 1956, in the library 
of North Carolina State College under the title ‘‘A 
proposed model for the evaluation of the growth re- 
sponses of school children to antibiotics.” 


— 
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TABLE II 
Unadjusted Mean Rates of Growth, Age, and Treatment Frequency in Guatemalan School Children. Period Two. 
December 1954—November 1955 
Weight Height Starting Treatment 
Village Sex Treatment No. ke/mo cm/mo age frequency 
Males Penicillin 18 0.08 0.31 9.49 216.78 
Aureomycin 20 0.18 0.32 8.64 217.20 
Placebo 22 0.15 0.35 9.21 t 
SCB* All males 60 0.14 0.33 9.10 217.00 
Females Penicillin 17 0.24 0.39 8.53 212.53 
Aureomycin 24 0.20 0.38 8.14 227 .42 
Placebo 23 0.19 0.36 7.98 t 
All females 64 0.21 0.38 8.18 221.24 
All SCB village 124 0.18 0.35 8.63 219.20 
Males Penicillin 12 0.16 0.31 9.95 191.92 
Aureomycin 28 0.97 0.39 8.68 176.14 
Placebo 35 0.12 0.33 8.88 t 
SAACT All males 75 0.14 0.35 8.98 180.88 
Females Penicillin 7 0.28 0.438 9.30 197.28 
Aureomycin 20 0.21 0.44 8.52 178.65 
Placebo 24 0.14 0.32 8.45 t 
All females 51 0.19 0.38 8.60 183.48 
All SAAC village 126 0.16 0.36 8.83 181.92 
Both villages in the period 250 0.17 0.36 8.73 200.41 


* Santa Catarina Barahona. 
¢ San Antonio Aguas Calientes. 
t Arbitrarily defined as identically zero. 


Not used in computing the means. 


Actual frequency of placebo 


administration did not differ significantly from that for penicillin and Aureomycin. 


larger rate of gain in weight while village SAAC 
had the higher rate of increase in height. 

In general, the rate of increase in both 
weight and height was faster for females in 
both periods. Similarly, the Aureomycin treat- 
ment apparently resulted in consistently better 
unadjusted growth rates than either the peni- 
cillin or the placebo treatments. Although the 
penicillin treatment seemed to result in some- 
what increased unadjusted rates of gain in 
weight over the placebo group, there was 
enough variation in the results so that it was 
difficult to detect a clear trend. 

The starting ages were similar for all groups, 
but even small differences in age proved to be 
important in the subsequent adjustment of the 
data. Due to a consistently poorer school 


attendance in village SAAC, there was a lower 
frequency of treatment in all of the groups in 
this village. 

The unadjusted mean rates of gain for each 
sex and treatment in the combined locations are 
shown in Table III. In Table IV the same 
relationships are shown for the combined sexes 
as well as locations. The unadjusted means 
are presented for purposes of discussion but 
significance tests were performed only on the 
adjusted contrasts. The computed “‘t’”’ values 
for the various contrasts are presented in Table 
V. The tests of significance indicate that the 
two villages did not differ in their rates of 
weight gain, but were different in their rate 
of increase in height (P < 0.01) in period one. 
In period two these village differences were no 
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TABLE III 


Unadjusted Mean Rates of Growth in Guatemalan School Children According to Sex and Treatment. 
(Combined Locations) 


Treatment 


Height Starting Treatment 


frequency 


Weight 
kg/mo 


cm/mo | age 


Period One (November 1953—November 1954) 


Penicillin 35 
Aureomycin 50 
Placebo 58 


Penicillin 29 
Aureomycin 42 
Placebo 46 


0.39 
0.46 
0.38 


0.46 
0.47 
0.43 


Period Two (December 1954—November 1955) 


Penicillin 30 
Aureomycin 48 
Placebo 57 


Penicillin 24 
Females Aureomycin 44 
Placebo 47 


0.31 
0.36 
0.34 


206 . 84 
193.25 
* 


0.40 208.08 
0.40 205.25 
0.34 


* Arbitrarily defined as identically zero. 
from that for penicillin and Aureomycin. 


Actual frequency of placebo administration did not differ significantly 


TABLE IV 


Unadjusted Mean Rates of Growth in Guatemalan School Children According to Treatment. 


(Combined Locations 


and Sexes) 


Weight 
No. kg/mo 


Height Starting 
cm/mo age 


Treatment 
frequency 


Period One (November 1953—November 19 


Penicillin 64 
Aureomycin 92 
Placebo 104 


0.42 
0.47 
0.40 


Period Two (December 1954—November 19. 


Penicillin 54 
Aureomycin 92 
Placebo 104 


0.17 
0.19 
0.15 


0.35 207 .39 
0.38 : 198.99 
0.34 


* Arbitrarily defined as identically zero. 
from that for penicillin and Aureomycin. 


longer significant (Table V). These observed 
variations between the villages may be an 
artifact, arising either because of different rela- 
tive positions of the two villages in the alter- 
nating weight-height growth cycles, or due to 
chance results of sampling caused by the varia- 
tion of individual observations in period one. 
The rate of gain in both height and weight 


Actual frequency of placebo administration did not differ significantly 


was significantly higher (P < 0.01) for the 
females than for the males in period one 
(Table V). A significant difference was also 
apparent in period two for the rate of gain in 
weight, but not in height. Different rates of 
gain in the two sexes were not surprising since it 
is well known that females usually mature 
sooner than males. 


0.18 10.16 211.34 
Males 0.22 9.62 181.22 
0.17 9.98 - * 
0.23 9.62 294.10 
Females 0.23 8.86 189.05 
0.20 9.20 
: 
0.11 9.67 
Males 0.17 8.66 
0.14 9.01 
0.25 
0.20 
0.17 
) 
0.20 9.92 208.06 
0.23 9.27 184.79 
0.18 9.64 
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TABLE V 


Tests of Significance of Differences in Rates of Growth 
in Guatemalan School Children. Computed ‘‘t” 


Values 
Period One Period Two 
(Nov. 1953-Nov. 1954) | (Dec. 1954—-Nov. 1955) 
Com- 
parison Weight | Height Weight Height 


Adjustment includes frequency of treatment correction 


V--Vi 1.20 2.99** 1.13 1.01 
4.02** 4.66** 2,24* 
Ts-Ti —6.92** | —8.83**| —1.95 
T:-T2 $.13"" °3:65** 1.16 


Vi = SCB; V2 = SAAC; S, = Males; S2 = Females; 
T, = Penicillin; T. = Aureomycin; T; = Placebo. 
* Denotes significance at the 5 per cent level. 
** Denotes significance at the 1 per cent level. 


Table V also shows that the responses due 
to Aureomycin were significantly higher than 
the responses due to penicillin in period one 
(P<0.01). This isin agreement with previous 
findings both in animals!:!* and in humans.'4 
The results were essentially similar but the 
differences were less marked in the comparison 
of Aureomycin with penicillin in period two. 

The adjusted treatment contrasts showed that 
Aureomycin significantly improved the rates of 
growth (P < 0.01), while penicillin had an 
inhibitory effect (P < 0.01) on the growth 
rates in period one. In period two, Aureo- 
mycin still improved (P < 0.01) the rate of 
gain in weight, but to a much lesser degree 
than in period one. The inhibitory effect of 
penicillin on the rate of gain in weight was also 
less marked in this period. Neither Aureo- 
mycin nor penicillin demonstrated an effect 
on the rate of height increase in period two. 

These findings suggest that while Aureo- 
mycin results in an initial stimulus to the rates 
of growth, its effects eventually recede. Sim- 
ilarly the initial inhibitory effect of penicillin 
gradually lessens until it reaches its equilibrium 
point at a somewhat lower level than that of 
Aureomycin. There was, in general, consid- 
erably less uniformity in the individual re- 
sponses in both weight and height to penicillin 
than in those to Aureomycin. The effects of 
statistical adjustment for village and sex 
differences, initial age, and treatment frequency 
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were more marked in the children receiving 
penicillin than in either the Aureomycin or 
placebo groups. 

The omission of the frequency of treatment 
adjustment in the analysis did not appreciably 
change the final interpretation of the results. 
The lower sensitivity in testing when this var- 
iable is omitted may, however, prove to be un- 
desirable, especially when very small differ- 
ences are involved. This sensitivity loss in 
testing is apparently more marked in the case of 
the rates of gain in weight than in the rates of 
height increase. Logarithmic transformations 
did not alter the significance of the relationships 
presented in Table V. 

The adjusted mean rates of growth for each 
treatment and period are presented in Table 
VI. Since the experimental error estimated for 


TABLE VI 


Adjusted Mean Rates of Growth of Guatemalan School 
Children According to Treatments 


Period One Period Two 

(Nov. 1953- (Dec. 1954- 

Nov. 1954) Nov. 1955) 
Treatment Weight Height Weight Height 
kg/mo cm/mo ke/mo cm/mo 


Treatment frequency included in adjustment 


Penicillin 0.18 0. 0. 
Aureomycin 0.23 0.46 0.18 0.36 
Placebo 0.29 0 : 


Treatment frequency omitted from adjustment 


Penicillin 0.18 0.40 0.16 0.35 
Aureomycin 0.23 0.46 0.17 0.36 
Placebo 0.29 0.43 0.17 0.36 


period two was approximately twice as large as 
the experimental error estimated for period 
one,* the larger estimate of error for the 
second period was employed in carrying out all 
of the tests of significance in the analyses of 
unweighted means. 

No third order effect and only one second 
order effect proved significant; the contrast 
between Aureomycin and penicillin in the sexes 
for weight (P < 0.01) and for height (P < 0.05). 


* Probably because the field personnel of the project 
received less close supervision of the measuring pro- 
cedures in period two, an observation of interest to 
investigators planning similar projects. 


) 
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The direction of this contrast remained the 
same in both sexes, but the magnitude of the 
observed difference for the two treatments was 
not the same. It may well be that when deal- 
ing with children of both sexes in the prepuber- 
tal stage of growth, any growth stimulus will 
result in more marked effects in the females 
than in the males by bringing about the onset 
of the pubertal growth spurt in the former. 


ALTERNATIVE ANALYSIS 


Prior to the more complete statistical treat- 
ment described, the results were tabulated 
separately by each village and by each six 
month period and adjusted to initial age, height, 
and weight by procedures previously described.® 
These data are given in Table VII and have 
been summarized previously in abstract form." 
In this tabulation in which the data are un- 
corrected for sex difference and intensity of 
treatment, penicillin appears to have a 
significant positive effect on weight in one 
village and a significant negative one in the 
other during the first six month period, while 
the Aureomycin effects on height are signifi- 
cantly positive for both periods in these 
villages and for weight in neither. This illus- 
trates the necessity of correcting not only 
for initial age, height, and weight variations 
but also for sex differences as well as for fre- 
quency of treatment. It is also clear that any 
experimental design which had used one village 
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or period for a control and another village or 
period as an experimental group would have 
come to a false conclusion most of the time, yet 
some investigators studying treatment effects 
on growth in population groups have designated 
controls in one of these two ways. The study 
of the behavior of multiple experimental and 
placebo control groups in several time periods 
is essential for sound conclusions. It must be 
remembered that refined statistical analyses 
are useless unless the basic experimental design 
is sound and proper controls are provided. 


SIGNIFICANCE OF THE RESULTS 


There is little doubt that the administration 
of any of a number of antibiotics to children 
hospitalized with malnutrition results in an 
improvement in the rate of recovery and re- 
duces mortality, presumably by helping the 
child to resist intercurrent infections. These 
infections particularly in an open hospital 
ward constitute a great hazard to the de- 
bilitated child. Whether the antibiotics have 
an effect on recovery beyond their influence on 
infection is still uncertain, but from analogy 
with the studies in animals, it would appear 
that there may also be favorable effects on their 
intestinal flora. 

To extrapolate from this to the assumption 
that the continual administration of small 
amounts of an antibiotic orally to children 
living in underdeveloped areas is beneficial 


TABLE VII 
Adjusted Average Monthly Gain of Guatemalan School Children, May 1953 to October 1955 by Six-Month Periods 


Weight in kg 


Height in cm 


Peni- 


Village Period cillin 


Peni- 
cillin 


SAAC (Groups ranged 
from 42-17 
children) 


0.18* 
0.17 
0.19 
0.15 
0.21 


First 
Second 
Third 
Fourth 
Fifth 


SCB (Groups ranged 
from 39-28 
children) 


First 
Second 
Third 
Fourth 
Fifth 


0.26* 
0.19 
0.21 
0.19 
0.18 


* Significant differences at P = 0.05 or less. 
t Least significant difference at the 5 per cent level. 


0.25 0.25 0.05 0.35 0.36 0.44* | 0.05 

0.18 0.18 0.05 0.51 0.51 0.51 0.05 

0.18 0.26* | 0.05 0.45 0.41 0.45 0.06 

0.14 0.12 0.04 0.54 C.45* | 0.54 0.06 

0.22 0.23 0.07 0.37 0.37 0.37 0.04 

0.16 0.22 0.06 0.43 0.51* | 0.50* | 0.05 

0.19 0.18 0.04 0.52 0.53 0.53 0.05 

0.23 0.23 0.05 0.38 0.38 0.41 0.05 

0.15 0.16 0.04 0.51 0.54 0.55 0.05 

0.18 0.16 0.07 0.34 0.32 0.34 0.03 
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would, of course, be quite unwarranted. While 
the results of the present study do indicate that 
Aureomycin, at least, does have a small but 
significant effect on the rate of gain in weight, 
this decreases with time. Aureomycin also 
had a slight effect on height but this had en- 
tirely disappeared in the course of the second 
experimental period. It is important to note, 
however, that even if the maximum growth 
effects observed had continued they would 
have amounted to only about 4 pounds of 
weight and 2 cm in height over a five year 
period, differences which would certainly be 
of little physiologic significance in the light of 
the many other factors influencing both weight 
and height. Furthermore, the data show 
clearly that the variations from one town to 
another and from one six month period to an- 
other are often far greater than the maximum 
effect observed from antibiotic administration. 

It would be of great interest to know whether 
some other benefit accrued to these children, 
but there is no indication from vital statistics 
records in these towns that mortality was in 
any way affected and accurate morbidity data 
are not available. Moreover, in view of the 
marked retardation in the growth of these 
children and the sensitivity of growth to im- 
provement in environmental factors including 
diet, the very slight antibiotic effects on growth 
observed do not make it be probable that there 
were other collateral benefits of significance. 
This is partially confirmed by the failure of 
antibiotic supplements in previous experi- 
ments by the authors to influence either hema- 
tological values” or the levels of a number of 
serum constituents.!! 

For all of these reasons we conclude that de- 
spite the obvious value of antibiotics in clinical 
medicine there is no present justification for 
considering their continued administration to 
children in underdeveloped areas to be an 
effective or desirable public health measure. 
The present findings and conclusions agree 
with those of the concurrent study of Mackay 
et al.’ in Jamaica. 


SUMMARY AND CONCLUSIONS 


Groups of children aged 6-12 years of pre- 
dominant Mayan Indian origin from each of 
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two schools in adjacent rural communities in 
the Guatemalan highlands received daily doses 
of 50 mg of either penicillin or Aureomycin for 
a period of 25 months. A third group in each 
school received placebo. All of these school 
children subsisted on marginal diets low 
in animal protein. Age at the start of the ex- 
perimental period, monthly weight and height 
observations, as well as a record of treatment 
frequency constituted the basic data. 

For the purposes of analysis, the over-all 
experimental period was subdivided into two 
shorter periods of approximately equal dura- 
tion. Regression methods were used to esti- 
mate the rate of growth of each child, and the 
computed regression coefficients served as the 
variable for analysis. The results indicated an 
initial stimulatory effect of Aureomycin on the 
rates of growth on both weight and height. 
The effect on the rate of gain in weight was 
greater than that on the rate of gain in height, 
and decreased markedly with time. On the 
other hand, penicillin seemed. to have an 
inhibitory effect on both rates of gain, which be- 
came insignificant with time. The treatment 
effects were greater in females than in males. 
In some cases the comparative effect of 
penicillin and Aureomycin changed with the 
sex. In general, the growth rates for period 
two were lower than the growth rates for period 
one. 

Additional information from an alternative 
analysis illustrates the necessity of correcting 
not only for initial age, height, and weight but 
also for sex differences as well as for frequency 
of treatment. It is also evident that the study 
of the behavior of multiple experimental and 
placebo control groups in several time periods 
is essential for sound conclusions. 
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Diet Therapy 


HE TERM protein, used to describe the ni- 
trogenous substance found in body tissue, 
was coined from the Greek verb meaning ‘‘to 
take first place’ and gives some indication of 
the importance that was early attached to that 
fraction of the diet. 

It soon became evident that proteins differ 
in their value and that such differences are due 
to amino acid composition. The early protein 
studies of Osborne and Mendel and of other in- 
vestigators have been thoroughly reviewed by 
Rose.' A little more than 20 years ago, Rose? 
reported on the qualitative and quantitative 
amino acid requirements for normal growth of 
the rat. The next step was to find that of the 
ten amino acids essential in the ration of the 
growing rat, eight must be furnished in the diet 
to maintain nitrogen balance in adult man. 
Finally, the amount of each that is required for 
that function of nitrogenous compounds was 
determined. The results of these laborious and 
extensive studies were first summarized in a 
publication in 1949.* More recent studies of 
the requirements of women for the essential 
amino acids have been reported by Leverton 
and co-workers‘—* Swendseid and Dunn®” and 
by workers in the laboratories of the University 
of Wisconsin.')!* The quantitative require- 
ments of adult men and women as found in the 
foregoing studies are given in Table I. 

The general plan of all of these studies using 


* Professor, Departments of Food and Nutrition, 
School of Home Economics, University of Wisconsin, 
Madison. 


The Amino Acid Requirements of Adults 
A REVIEW 


May S. REYNOLDs, PH.D.* 


human subjects was much the same. Subjects 
were fed a carefully controlled semisynthetic 
diet which provided generous amounts of the 
essential amino acids with additional nitrogen 
for the synthesis of the dispensable amino acids. 
Nitrogen balance was the criterion of adequacy. 
When the subjects had attained nitrogen bal- 
ance on the “‘complete’”’ amino acid mixture, 
the amino acid for which the requirement was 
being determined, was removed to produce a 
negative nitrogen balance and then replaced 
stepwise until balance resulted. Calories were 
provided in amounts sufficient to just avoid 
weight gain. It is of interest to note that as the 
subjects were changed from a diet of ordinary 
foods to the semisynthetic diet, it was neces- 


TABLE I 


Minimum Amounts of Essential Amino Acids Required 
for Maintenance of Nitrogen Balance in Adults 


Women en 
Essential amino acid g/day 
Isoleucine 0.450 0.70 
Leucine 0.620 1.10 
Lysine 0.500 0.80 
Phenylalanine with 0.220 1.10 
tyrosine present 0.900 — 
Sulfur-containing amino 0.550 = 
acids 
Methionine 0.290 ° 1.10 
Cystine 0.250 —_— 
Threonine 0.310 0.50 
Tryptophan 0.160 0.25 
Valine 0.650 0.80 


From: REyYNOLDs, M. S.: 
1957. 


J. Am, Dietet, A, 33: 1016, 


i 
. 
— 
| 


440 THE AMERICAN JOURNAL OF CLINICAL NUTRITION 


sary in most cases to increase calories. In our 
own studies, an increase in calories of from 13 
to 33 per cent or an average of 18 per cent was 
needed in order to attain nitrogen balance and 
prevent weight loss. Rose!*® has reported a 
similar increase in caloric requirement. 

The amino acid requirements of women ap- 
pear to be somewhat less than those of men as 
reported by Rose. However, Clark et al.'* ob- 
served no striking difference in the quantities of 
lysine required by men and women for nitrogen 
equilibrium. The latter investigators report a 
statistically significant relationship of lysine 
requirement to body weight, surface area, crea- 
tinine excretion and metabolic size. These 
findings differ from those of Rose et a/.'* and 
of Jones, et a/.!' who found no relation of re- 
quirement to body size. The requirement for 
lysine as reported by Clark et al.'‘ is greater 
than that reported by Rose* for men or by 
Jones et al.'' for women. 

These requirements are basic to further re- 
search in this area. They represent laborious 
effort on the part of the investigators and real 
self-sacrifice by the subjects. In order that 
these results may be most valuable, it is im- 
portant to recognize their limitations as well as 
their contributions. These determinations have 
been made on a small number of subjects, under 
carefully controlled conditions and for rela- 
tively short periods of time. Length of time on 
the experimental diet may be a factor that 
needs consideration. For example, it has been 
suggested by Nassett that histidine may not 
actually be a dispensable amino acid over a 
long period of time, but for a short period may 
be furnished by the degradation of hemoglobin. 

The proposed requirements represent only the 
quantities needed to maintain nitrogen bal- 
ance. Theré is no doubt of greater require- 
ments for some other functions of amino acids. 
For example, Chaloupka, and co-workers" 
working with rats and Vivian, and associates” 
with human subjects, found that a lower intake 
of tryptophan was needed to maintain nitrogen 
balance than to form blood pyridine nucleo- 
tides. Greater differences probably exist in the 
requirements for growth, reproduction, anti- 
body formation, and for the many other func- 
tions of amino acids in the body. Total calo- 
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ries, total nitrogen, previous diet, distribution 
of amino acids, and many other factors un- 
doubtedly influence the requirements. 

The limitations as well as the contributions 
of these studies of amino acid requirements 
have been discussed in a previous paper.” 
Recognition of the limitations of available 
data is not intended to underestimate their 
value. They represent basic and fundamental 
information which, if properly applied, can 
contribute to the solution of many problems of 
protein nutrition. 

Available data on the amino acid composi- 
tion of self-selected diets” in this country and 
on the amino acid content of the “Average 
American Diet’’'® indicate that problems of 
protein deficiency are not directly the result of 
an intake of the essential amino acids below the 
proposed requirements (Tables II and III). 


TABLE II 
Amino Acid Intakes of Women on Self-chosen Diets 
Intake 
g/day 
Minimum 
require- 
ments of 
Women in women for 
Women in negative essential 
Essential amino nitrogen nitrogen amino 
acid balance balance acids 
Isoleucine 1.62-5.73 1.15-4.88 0.450 
Leucine 4.83-7.35 | 3.37-6.25 0.620 
Lysine 3.25-7.17 1.70—5.85 0.400 
Methionine 0.83-2.54 | 0.67-2.03 0.290 
Cystine (0.250) 
Phenylalanine 2.88 1.53-4.03 0.220 
Tyrosine (0.900) 
Threonine 1.44-3.44 0.97-3 .02 0.310 
Tryptophan 0.44-1.28 | 0.25-0.91 0.16¢ 
Valine 3.20-4.58 | 2.51-5.98 0.650 
Total nitro- | 8.20-15.20 | 4.50-14.40 | 10.000 
gen 


From: Rreynotps, M.S.: J. Am. Dietet. A.33:1016. 
1957. 


We must keep in mind, however, the fact that 
the experimental diets furnished 6 to 10 g nitro- 
gen/day as well as a generous intake of calories. 
A diet low in protein and possibly also low in 
total calories may easily meet the require- 
ments for essential amino acids or even the 
Rose “‘safe levels’’ and still not furnish adequate 
total protein, through failure to furnish enough 


= 
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TABLE III 


Essential Amino Acid Content of the ‘‘Average”’ 
American Diet Compared with the ‘‘Safe’’ Levels for 


Men 

“Average “Safe’”’ 

American” levels 
Essential amino diet for men 

aci g/day 

Isoleucine 4.2 1.40 
Leucine 6.5 2.20 
Lysine 4.0 1.60 
Methionine 3.0 2.20 
Phenylalanine 4.1 2.20 
Threonine 2.8 1.00 
Tryptophan 0.9 0.50 
Valine 4.2 1.60 


From: J. Am. Dietet. A. 33:1016, 
1957. 


nitrogen for the synthesis of the so-called dis- 
pensable amino acids. 

These data on amino acid requirements have 
provided a basis for describing a pattern for a 
provisional reference protein.”! Comparison of 
the amino acid composition of a protein with 
that of the reference protein has been proposed 
as a means of determining the biologic value 
of the protein and has been found to agree 
quite closely with biologic determinations. It 
is quite possible, however, that in some foods, 
the concentration of amino acids made avail- 
able to the body as a result of im vivo digestion 
may not be the same as that found by analysis 
following drastic methods of hydrolysis. Bio- 
logic trials may be necessary to verify values 
based on calculations. 

As the commercial preparation of certain 
amino acids at a low cost has become practical, 
the possibility of supplementing cereal pro- 
teins with amino acids to balance their de- 
ficiencies immediately suggests itself. Flo- 
din”: has presented data showing how all 
common cereal proteins can be improved in 
this way. This proposal has some merit for a 
diet in which a large proportion of the total 
protein is furnished by cereals. The fortifica- 
tion of wheat proteins with lysine represents a 
practical application of the principle. How- 
ever, the value or necessity of such supplemen- 
tation in bread containing milk proteins, as in- 
cluded in the “Average American diet’ re- 
mains to be demonstrated. By reference to 
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Tables II and III it may be noted that the 
self-selected diets of women and the ‘average 
American diet’’ furnish lysine in amounts from 
two to three times the Rose “‘safe’’ levels for 
men. Moreover, such a procedure should be 
approached with caution and should not be 
looked upon as opening the way for indis- 
criminate amino acid supplementation. Scrim- 
shaw and associates*‘ reported on the effects on 
nitrogen retention of supplementing a corn 
preparation with lysine, tryptophan, and 
methionine. Nitrogen retention improved with 
the addition of lysine and tryptophan but de- 


creased when methionine was added. He sug- - 


gested that the added methionine may have 
created some type of imbalance. ‘Whether or 
not the supplementation of diets with synthetic 
amino acids will prove practical and desirable 
can only be determined by fundamental studies 
to obtain data not now available.’”’** The ef- 
fects of imbalances of amino acids that may be 
created when availability of amino acids is not 
known have been reported by Elvehjem.* 

A statement on the ‘Supplementation of 
Dietary Proteins with Amino Acids’ adopted 
in October 1956, by the Food and Nutrition 
Board of the National Research Council* says: 
“The imbalance of essential amino acids found 
in some dietary proteins cannot always be 
corrected by adding a single amino acid, the 
imbalance being the result of a deviation in 
several of the essential amino acids from an 
‘ideal pattern’ needed by the body. Multiple 
supplementation is generally required. This 
type of supplementation is at present best 
achieved by mixed diets where one food pro- 
tein supplements another. The benefits to be 
derived from amino acid supplementation are 
uncertain until our knowledge of the conse- 
quences of amino acid imbalance is more com- 
plete. The Food and Nutrition Board recog- 
nizes the potential value of proper supplemen- 
tation with amino acids and the desirability of 
intensive study of this problem.” ; 

In conclusion, data on amino acid require- 
ments represent basic information, upon which 
a wide range of additional studies can be based. 
The need is apparent for studies of the effect of 
other factors in the diet on amino acid re- 
quirements and for data on the requirements of 
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additional age groups. Information concerning 
the utilization of amino acids of foods is 
imperative before widespread use can be made 
of current findings. These investigations are 
laborious and expensive but should be under- 
taken as a contribution to solving the protein 
problems of the world. 
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Diet Lists 


| non TIME TO TIME we will publish diet lists which seem to have clinical usefulness. 
Minor variations exist in all standard diet lists; nevertheless these are representa- 
tive and may be considered useful guides. Publication does not necessarily imply 
complete agreement with all details. 

The following diet list may be obtained from J. B. Roerig and Company, 800 
Second Avenue, New York 17, N. Y. 


Reducing Diet 


Diet for 


Your total calories should not exceed. for each day. Divide them as directed below. Do not eat 
between meals. 


Breakfast: 5 Brussels sprouts........... 12 Dinner: 


You may select from below 3 stalks fresh celery......... 9 You may select from below___ 
10 sl 
calories. slices cucumbers......... 15 calories. 
Calories 1/; small head of lettuce. .... 12 Calories 
1/2, cup cooked spinach...... 12 
. oz. corn flakes 48, cup canned tuna fish. .... 209 802. chicken soup.......... 75 
glans 135 ‘ 1 cup tomato soup.......... 90 
68 /2cup canned salmon ...... 200 1 100 
3 tablespoonfuls cottage cheese 55 
V/scup eggplant... 14 3 oz. lean round steak....... 140 
medium orange.......... 26 10 


1/, medium grapefruit, 4” 2 slices lean roast lamb, 1”x4”x 


1 medium fresh tomato...... 20 ” 
1 teaspoon butter .......... 36 1 slice rye or white bread.... 60 
cup oatmeal, cooked...... 56-2 Slices roast veal, 2"x3"x'/2". 152 
1 slice rye or white bread.... 60 1) Slice breast chicken........ 100 
4 oz. glass tomato juice...... 25 Tea or black coffee, no sugar 0 1/, chicken broiler, medium... 120 
1 small or medium banana 45 1 75 
1 plain soda cracker......... 24 eaeLie 
1/, cup broccoli............. 21 fillet haddock, 4"x3"x"/2”... 158 
You may select from below___ TL 32 Tea or black coffee, no sugar. . 0 
calories. 1/, cup white onions (2-3 Saccharine, !/, grain tablet... 0 
Calories | 24 2 slices halibut, 4”x2”x!/.”... 126 
1/, cup asparagus tips (10 1/; cup green peas, fresh or 1/, cup shrimps............. 85 


Bread, beverages, fruit, etc., from the above list, may be added to any meal provided the total calories do not exceed 
the amount prescribed. Six glasses of liquid each day are allowed. Be sure that your daily menus include a fresh 
fruit, either meat, fish or egg, milk, and three vegetables. 


Special Instructions: 


Next Appointment: 


The following high calorie foods Chocolate and cocoa Sweet or sour cream 
must be avoided. Gravy Candy 
Nuts Cream soups Pastry 
Olives Sauces Macaroni 
Olive oil Ice cream Potatoes 


re 
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Alcoholic beverages 

Canned fruits in syrup 

Highly spiced or salted foods 
Learn to count the number of 

calories in the foods you eat. 


Here are some examples of foods 
which contain many calories: 


Candy bars (per bar).... 


Pie (1 serving) 
Cake (1 serving) 


Ice cream (1 serving)... . 


Calories 
200-300 


Sandwiches 

Beer (8-oz. glass) 

Cocktails or highballs. . . 

Nuts (small serving—10). 

Do not use sugar unless you abso- 
lutely have to. No mayonnaise on 
salads. (Lemon juice may be used 
instead.) 


300-475 
200-475 
Sundaes............... 350-450 
Po Ice cream sodas........ 325-400 
Malted milk shakes..... 450-600 
’ 
| 
H 
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Reviews of Recent Books 


The Pharmacologic Principles of Medical Practice, 
fourth edition, by J. C. Krantz, Jr. and C. J. Carr, 
Williams and Wilkins, Baltimore, 1958, pp. 1,313, 
$14.00. 


Pharmacology is currently undergoing an unparal- 
leled expansion. The vast numbers of new drugs, new 
types of therapeutic substances, and new concepts of 
drug action make this a most rapidly changing branch 
of medicine. Textbooks of pharmacology, therefore, 
are always in danger of being “out-of-date.” The 
fourth edition of this well known text is remarkable for 
at least one reason; it contains adequate descriptions 
of many of the most recently introduced compounds. 
This would seem to be an important advantage. An- 
other useful technic is the free use of common and trade 
names wherever a drug is more familiarly known by it. 

The fourth edition contains many new drugs while 
others, no longer generally used, have been deleted. 
A number of full-page photographs of eminent workers 
in the field add to the general interest of the book, 
Good printing and a full index should be noted. This 
edition can be recommended as an exceptionally cur- 
rent standard text in clinical pharmacology. S. O. W. 


Clinical Gastroenterology by Eddy D. Palmer, Paul 
H. Hoeber, Inc., New York, 1957, pp. 630, $18.50. 


This attractive book contains, in addition to chapters 
on diseases of the various portions of the gastrointes- 
tinal tract and its appendages, a short chapter on the 
spleen and one on gastrointestinal manifestations of cer- 
tain far-removed diseases. Parasites are also discussed. 

The introductory chapter is devoted to comprehen- 
sive gastroenterology in which the functional and emo- 
tional aspects of gastrointestinal disease in general are 
emphasized. In subsequent sections dealing with spe- 
cific diseases, the psychosomatic and functional aspects 
of certain gastrointestinal diseases such as ulcerative 
colitis, peptic ulcer and irritable colon are very well 
covered; those dealing with achalasia, chronic gastritis, 
and regional enteritis, less so. No space is devoted to 
the psychosomatic aspects of nontropical and tropical 
sprue. 

The book is extremely well written, readable, and 
contains much data which should be of value to all who 
deal with gastrointestinal problems. The author draws 
freely on a rich clinical personal experience and ex- 
presses personal opinions on controversial subjects. A 
brief list of pertinent references is included at the end of 


each chapter. The 216 figures are excellent and inform- 
ative; they consist of descriptive sketches, photo- 
graphs of specimens, and reproductions of roentgeno- 
grams. 

The book is highly recommended for general practi- 
tioners, internists, specialists in gastroenterology, and 


surgeons. It is also recommended to medical students 
as an excellent source of modern information on the 
clinical aspects of gastrointestinal diseases. 

T. E. MACHELLA 


Diabetes as a Way of Life, by T. S. Danowski. 
Coward-McCann, Inc., New York, 1957, pp. 177, $3.50. 


This guide for diabetic patients contains much prac- 
tical information for their self-care. The material is 
presented in an attractive and readily comprehensible 
style. The contents cover the important details of 
dietary management utilizing the food exchange sys- 
tem and provide a thorough discussion of insulin ther- 
apy. The methods employed by the author are not 
always those recommended in other clinics but neverthe- 
less are widely used in the care of diabetics. For ex- 
ample, the sterilization of the syringe by boiling rather 
than by alcohol or Zepharin is not always advised; 
under the section on surgery, the reversion to regular 
insulin during operation advocated by the author is not 
practised in all centers. The final chapter dealing with 
the life of the diabetic and the impact upon the indi- 
vidual and his family should be read by all those in- 
volved with this disease. A glossary of terms for the 
diabetic patient and a useful appendix containing de- 
tailed material on various subjects conclude this unique 
and informative manual. C. R. SHUMAN 


Biochemistry and Human Metabolism, by Burnham S. 
Walker, William C. Boyd, and Isaac Asimov. Williams 
and Wilkins, Baltimore, 1957, pp. 895, $12.00. 


This is the third edition of an excellent biochemistry 
textbook first published in 1952. Since the first edi- 
tion was reviewed in this JOURNAL (1: 405, 1953), only 
the revisions will be discussed here. Large parts of the 
book have been rewritten, enlarged, and reorganized 
to bring the subject matter up-to-date and to make it 
clearer to the student. This is particularly true of the 
chapters on protein metabolism, heat and work, and 
infection. The bibliographies after each chapter and 
the index at the end of the book have been greatly en- 
larged helping to make the book valuable as a reference 
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text. New material has been introduced, such as the 
carbon cycle in photosynthesis, high-energy acyl-mer- 
captan bond, aldosterone, lipocaic acid, chemotherapy, 
abnormal hemoglobin, and function of metallo-flavo- 
enzymes, 

In the older edition the appendix contained chapters 
on colloids, isotopes, thermodynamics, and acid and 
base. These subjects, with the exception of the isotope 
section have now been incorporated into the main body 
of the book. Since this material is not used to any 
great extent in the biochemical discussion, it might have 
been better left in the appendix. However, this is but 
a minor criticism of a book which would make a valua- 
ble addition to the library of anyone interested in the 
clinical aspects of biochemistry. 

The authors are to be complimented for keeping this 
book so well up-to-date. MArGARET W. BATES 


Technique of Fluid Balance. Principles and Manage- 
ment of Water and Electrolyte Therapy, by G. H. 
Tovey. Thomas, Springfield, 1957, pp. 100, $2.50. 


The significance of fluid and electrolyte balance in 
clinical medicine has become fully appreciated by 
practitioners as it has been by investigators for some 
years. The wide interest in this important phase of 


treatment is apparent when one considers the number 
of texts recently published dealing with the subject. 
While an understanding of the fundamental principles 
of biochemistry and physiology with respect to fluid 


balance is required for success in management, it is 
possible to provide the necessary details in a simple 
form easily applied to both elementary and complex 
problems. This small volume presents a succinct, yet 
adequate, discussion of the basic concepts of water and 
electrolyte metabolism. The classic description of salt 
and fluid depletion states are given in detail. A concise 
and practical outline for the control of fluid equilibrium 
and restoration of an established imbalance occupies 
the latter half of the monograph. 

In discussing acid-base balance, sulfates and phos- 
phates are described as acid anions. The accumulation 
of these anions in renal insufficiency or of keto-acids in 
diabetic coma displaces bicarbonate resulting in acido- 
sis. However, current thought suggests that the 
accumulation of hydrogen ions in association with the 
anions which are not actually acidic causes the change 
in blood pH. 

This monograph is of value to the, practitioner for its 
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emphasis upon the clinical assessment of patient’s 
history and objective findings. The management of 
parenteral fluid therapy when full laboratory control is 
unavailable seems entirely feasible with the methods 
outlined therein. C. SHUMAN 


Books received for review by THE AMERICAN JOUR- 
NAL OF CLINICAL NUTRITION are acknowledged in this 
column. As far as practicable those of special interest 
are selected, as space permits, for a more extensive re- 
view. : 


Polyscience by Frank H. Kelly, Vantage Press, New 
York, 1958, pp. 145, $2.95. 

Low-Fat Cookery by Evelyn S. Stead and Gloria K. 
Warren, McGraw-Hill, New York, 1956, pp. 184, 
$3.95. 

Home Economics—Careers and Homemaking by Olive A. 
Hall, Wiley, New York, 1958, pp. 301, $4.25. 

Chemistry of Lipides as Related to Atherosclerosis, com- 
piled and edited by Irvine H. Page, Thomas, Spring- 
field, Ill., 1958, pp. 342, $8.50. 

Food, Nutrition and Diet Therapy, ed. 2 by Marie V. 
Krause, Saunders, Philadelphia, 1957, pp. 621, $6.00. 

Ciba Foundation Symposium on Chemistry and Biology 
of Mucopolysaccharides, edited by G. E. W. Wolsten- 
holme and M. O’Connor, Little, Brown, Boston, 
1958, pp. 329, $8.50. 

Neomycin. Its Nature and Practical Application, 
edited by Selman A. Waksman, Williams and 
Wilkins, Baltimore, 1958, pp. 412, $5.00. 

General Biochemistry, ed. 2 by Joseph S. Fruton and 
Sonia Simmonds, Wiley, New York, 1958, pp. 1,077, 
$18.00. 

Die Dystrophie, Spatfolgen und Dauerschiden, Georg 
Thieme Verlag, Stuttgart, 1958, pp. 202, D.M. 19.60 
($4.65). 

The Chemistry and Chemotherapy of Tuberculosis, ed. 3 
by Esmond R. Long, Williams and Wilkins, Balti- 
more, 1958, pp. 450, $12.00. 

Annual Review of Medicine (Vol. 9), edited by David A. 
Rytand, Annual Reviews, Inc., Palo Alto, pp. 530, 
$7.00. 

Care of the Premature Infant by Evelyn C. Lundeen 
and Ralph H. Kunstadter, Lippincott, Philadelphia, 
1958, pp. 367, $8.00. 

Clinical Enzymology, edited by Gustav Martin, Little, 
Brown, Boston, 1958, pp. 241, $6.00. 
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ITEMS OF GENERAL INTEREST 


Abbreviations for lodinated Amino-Acids and Deriva- 
tives from the Thyroid Gland. C. R. Harington, R. 
Pitt-Rivers, A. Querido, J. Rocke, and A. Taurog. 
Nature, 179: 218, 1957. 

A large literature is developing on the use of the 
thyroid hormones, their precursors and derivatives, and 
there has been some confusion in the use of symbols and 
contractions for these substances. 

At the Ciba Foundation Colloquium in June, 1956 on 
the ‘‘regulation and mode of action of thyroid hormones” 
a discussion was held in which agreement was reached 
on suitable symbols for the iodinated thyronines and 
hyrosines. The discussion will be published in full but 
the authors wish to direct the attention of research 
workers to the following accepted symbols: 


Thyroxine Ts 
Thiiodothyronine Ts 
Diiodothyronine Te 
Monoiodothyronine Ts 
Diiodotyrosine DIT 
Monoiodotyrosine MIT 
Tetraiodothyropyruvic acid KT, 
Triiodothyropyruvic acid KT; 
Tetraiodothyroacetic acid TAy 
Triiodothyroacetic acid TA; 


To distinguish between isomers, the symbol can be 
preceded by numbers indicating the positions of halogen 
atoms in the benzene rings of the thyronine; thus, the 
three diiodothyronines would be 3:5-T2, 3’:3’-T2 and 
F. E. HytTEn 


Unilateral Sweating of the Submental Region After 
Eating. (Chorda Tympani Syndrome.) A. G. Young. 
Brit. M. J. 2: 976, 1956. 


Abstracts of Current Literature 
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CHARLES R. SHUMAN, M.D., EDITOR 


Joun F. MUELLER, M.D., Cincinnati 
Morton J. OPPENHEIMER, M.D., Philadelphia 
THEODORE C. PANos, M.D., Little Rock 
FRANK E. RIck, PH.D., Chicago 

James H. SuHaw, Pu.D., Boston 

MaAnrTIN SILBERBERG, M.D., St. Louis 

JANICE M. Situ, Urbana 

W. H. J. SUMMERSKILL, p.M., London 
BARNETT SURE, PH.D., Fayetteville 

Joun WATERLOW, M.D., Kingston, Jamaica 


A case is described of a 12-year-old girl who had an 
erythematous reaction accompanied by profuse sweat- 
ing of the right submental area soon after eating. This 
occurred with most foods and after sucking cotton wool 
soaked in 0.5 per cent acetic acid, although drinking tea 
without food was not effective. The girl had her tonsils 
and adenoids and tuberculous glands removed from the 
right side of her neck at the age of two years. 

Tincture of belladonna reduced the erythema without 
affecting the sweating but right lingual nerve (chorda 
tympani) block abolished both, Stellate ganglion block 
was without effect. The sparse literature on this sub- 
ject is reviewed and it is suggested that abnormal re- 
generation of nerve fibers may follow operations on the 
neck where the lingual nerve is damaged. Possible 
lines of treatment are discussed briefly. It is sug- 
gested that the syndrome should be called ‘“‘the chorda 
tympani syndrome.” F. E. HytTEn 


A Simple Aid in Calculation of Diets. R. J. Slonim, 
Jr. J.A.M.A. 162: 1233, 1956. 

In this brief paper the author has recommended a 
simple formula for the calculation of various types of 
diets. This is based on a number of assumptions, such 
as that the ‘‘ideal’”’ body weight is 110 lb for a person five 
feet tall, with five lb added for each additional inch, etc. 
The formula presented and the nomogram are said to 
save time and effort in preparing the type of diet needed 
to induce a weight change. 

While this is a laudable attempt, it seems to this re- 
viewer that the problem of weight changes rarely fol- 
lows such mathematical niceties. Instead, like the dose 
of insulin, therapy must be tailor-made to the in- 
dividual patient. S. O. WAIFE 


Oxygen Consumption in the Rat During Prolonged, 
Acute Starvation. R.G.SissonandS. Lang. Proc. Soc. 
Exp. Biol. & Med. 93: 173, 1956. 
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In order to determine whether or not the decrease in 
oxygen consumption occurring in starving animals is 
due to inactivation of the thyroid, rats were surgically 
thyroidectomized, and others were given triiodothyro- 
nine and subsequently starved. Oxygen consumption 
measured daily for ten days was highest in the hyperthy- 
roid and lowest in the hypothyroid group, but showed 
a similar decline with time in all starved groups. 

M. SILBERBERG 


Use of d-Amphetamine to Curb the Increased Appe- 
tite and Over-Eating Induced by Reserpine Therapy. 
S. Kinard, L. C. Mills, J. Terrell, and J. H. Moyer. J. 
Amer. Geriatrics Soc. 4: 1073, 1956. 

The authors report on the use of d-amphetamine to 
curb the increased appetite and over-eating induced by 
reserpine therapy. They report on 47 patients treated 
with reserpine alone, and 31 patients treated with re- 
serpine plus d-amphetamine over a 16-week period. 
Sixty per cent of the first group gained weight while 
97 per cent of the latter group lost weight. The authors 
point out that d-amphetamine did not have any adverse 
effect on the hypertension in the obese group. 

This study like so many studies on appetite- 
depressing drugs is unimpressive because of the short 
duration of the study. To be significant a study of 
this type should be carried out for at least one year. 

K. R. CRISPELL 


The Influence of Breast Feeding on Weight Gain in 
Infants in the First Year. J. Mills. J. Pediat. 48: 
770, 1956. 

Three groups of infants of different ethnic origin and 
economic circumstances were studied: poor Indian, 
poor Chinese, and wealthier Chinese. Selection of in- 
fants was based on the following criteria: both parents 
of pure ancestry, infants born to women confined in 
same hospital, only single births which were physically 
mature and without congenital anomalies, infants domi- 
ciled in the urban area to permit regular home visits 
and accurate records. Families within each group were 
of similar socio-economic level. All babies were 
weighed by the same personnel under completely 
standardized conditions, at intervals of two weeks for 
the first twelve weeks and of four weeks until the end of 
the first year. There were approximately 2,000 home 
visits to each group. The report is limited to infants 
with complete records from birth to end of first vear 
(approximately 50 male and 50 female infants in each 
group). Breast feeding results in a greater weight gain 
at 24 weeks for poor Indian and Chinese babies but no 
significant difference was found for wealthier Chinese 
babies. The weaning diet of the wealthier babies was 
more adequate and the standard of hygiene was 
higher, and therefore the artificially fed babies were at 
no disadvantage. The poor babies received an inade- 
quate diet after weaning, and consequently at twelve 
months the benefits resulting from breast feeding were 
no longer obvious. T. C. Panos 
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The Influence of Vitamin Supplementation of the 
Diets of Pregnant and Lactating Women on the Intelli- 
gence of Their Offspring. R. F. Harrell, E. R. Wood- 
yard, and A. I. Graves. Metabolism 5: 555, 1956. 

Observations on retarded children have shown a 
high incidence of faulty nutrition in the prenatal his- 
tory of these mentally defectives. The effect of vitamin 
supplementation using a double-blind technic was 
studied in 2,400 women in two maternity clinics, one in 
Norfolk, Virginia, and one in Kentucky. Intelligence 
testing of their offspring at ages three and four years 
was conducted using conventional testing methods. 
The mean intelligence of children born of 612 women in 
Norfolk was significantly higher in those whose mothers 
had been given vitamin supplements during the later 
part of pregnancy than in those whose mothers received 
an inert control tablet. The benefit of supplementation 
was most apparent in those receiving only thiamine or 
only ascorbic acid. The mean duration of antepartum 
supplementation in Norfolk was 134 days. In the Ken- 
tucky study no significant differences were noted be- 
tween supplemented and unsupplemented groups. It 
was found that the usual diet consumed by the Ken- 
tucky families was more nearly adequate than that 
used in the Norfolk homes. The results of this study 
indicate that dietary improvement through vitamin 
supplementation may be of importance in the develop- 
ment of the central nervous system during the prenatal 
period although the limitations of the observations do 
not permit final conclusions to be drawn. 

C. R. SHUMAN 


Serum Enzymes I. Serum Lactic Dehydrogenase in 
Myocardial Infarction. L.P. White. New England J. 
Med. 255: 984, 1956. 

When there is necrosis of heart muscle, such as is 
found in myocardial infarction, significant amounts of 
glutamic oxalacetic transaminase are released into the 
blood serum. This method has been used in the diag- 
nosis of myocardiai infarction but there have been 
three main drawbacks to the use of this technic. The 
high levels of this enzyme are seen only 24 to 72 hours 
after the infarction occurs. Some patients with 
myocardial infarctions do not show a high concentra- 
tion of this enzyme. The method for determination 
of this enzyme is laborious. Since the heart is rich in 
enzymes which are probably also released into the 
blood after infarction, the author of this paper studied 
the effect of myocardial infarction on levels of serum 
glutamic oxalacetic transaminase, lactic dehydrogenase, 
aldolase and hexose isomerase in 50 patients. 

The serum level of lactic dehydrogenase was found to 
be the best index of myocardial infarction. The level 
of this enzyme was found to be elevated for eight days, 
while the levels of the other enzymes studied went back 
to normal two to three days after the infarction. The 
assay for this enzyme is comparatively simple com- 
pared to the determination of glucose oxalacetic trans- 
aminase. 
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Increased levels of all the enzymes are found when 
there is tissue damage. This can occur in the liver, 
skeletal muscle, kidneys or brain as well as the heart, 
so the test is not specific. Abnormal levels of these 
enzymes therefore have to be interpreted with regard 
for the clinical situation. M. W. BatTEs 


Serum Enzymes in Muscular Dystrophy and Certain 
Other Muscular and Neuromuscular Diseases. I. 
Serum Glutamic Oxalacetic Transaminase. C. M. 
Pearson. New Eng. J. Med. 256: 1069, 1957. 

A transitory increase in the serum level of glutamic 
oxalacetic transaminase occurs after acute myocardial 
injury. Since skeletal muscle cells are also rich in this 
enzyme a study was made of the effect of muscular 
dystrophy and other muscular diseases on the serum 
level of glutamic oxalacetic transaminase. 

Eighty-seven cases of progressive muscular dystrophy 
were studied. While 90 per cent of the muscular dys- 
trophy patients 18 years of age or younger had ele- 
vated levels of glutamic oxalacetic transaminase, only 
15 per cent of the patients 18 years of age or older had 
elevated levels. No significant correlation was found to 
exist between the duration of the disease and the 
transaminase level. The highest levels were found in 
the intermediate stages of the disease; the lowest, in 
the very mild or very severe cases. The enzyme levels 
seemed to be higher in the cases in which the disease 
progressed more rapidly. In pseudohypertrophy there 
is an increased enzyme level. In active, progressive 
stages of muscular dystrophy the serum transaminase 
levels may remain continuously elevated for many 
months or several years. ; 

The serum transaminase level was also measured in 
several miscellaneous types of primary muscle dis- 
eases and neuromuscular atrophies. Normal or 
slightly elevated values were found except in cases of 
acute dermatomyositis and paroxysmal myoglobinuria 
where there were high levels. The enzyme levels were 
normal in six children with poliomyelitis where there 
was progressive muscular atrophy. M. W. BaTEs 


Effect of Vitamin-B Complex on Healthy People in a 
Warm Climate. E. M. Glaser and B. H. Livett. Brit. 
Med. J. 1: 1331, 1957. 

Vitamins of the B complex are commonly prescribed 
for healthy, well-fed people in the tropics on the 
grounds that more are needed, but no evidence to sup- 
port this thesis has been put forward. In the experi- 
ment described here, Singapore University students 
were given pills containing a mixture of B vitamins and 
identical “dummies.”” There was no difference in the 
incidence of illness or in the subjective sensations of 
well-being between the two groups. Incidentally, serum 
cholinesterase was estimated in the two groups of 
students. The level was significantly raised in the 
group taking the vitamin B preparation; no explana- 
tion for this is offered. F. E. HyTTEN 
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Nutritional Deficiency Diseases Today. 
Darby. J. Am. Dietet. A. 33:17, 1957. 

In this article, the author briefly reviews our current 
knowledge of the incidence of nutritional deficiency dis- 
eases. It is pointed out that ‘‘whereas, in the United 
States, the incidence of recognizable deficiency states 
had become infrequent during the past decade, a re- 
cent reawakening of interest of nutritionists in occur- 
rence of such states has resulted because of (a) the sud- 
den recognition of new deficiency states, (b) the realiza- 
tion that certain metabolic diseases are influenced by 
dietary factors previously considered to be of little im- 
portance, and (c) the spotlighting of nutritional dis- 
eases throughout the world.” 

Cited as furnishing evidence of new deficiency dis- 
eases are studies in which pyridoxine deficiency was 
produced: (1) experimentally in adult human subjects 
through administration of vitamin B,-low diets and 
desoxypyridoxine, (2) in infants fed a pyridoxine de- 
ficient diet or a highly processed infant food, and (3) in 
isoniazide-treated persons. Understanding of the role 
of tocopherol in human nutrition is increasing through 
work with infants and adults with steatorrhea and 
through studies at the Elgin State Hospital which deal 
with estimation of body stores of tocopherol and the 
extent of association of these stores with biochemical or 
metabolically detectable findings. 

Kwashiorkor in Africa, Asia, Central America, South 
America (and any other areas where high-carbohydrate, 
low-protein diets are fed in early life;) pellagra in 
Yugoslavia, Egypt, Basutoland, and Southern Rho- 
desia; and endemic goiter in Chile, Central America, 
Panama, and other countries have occasioned awakened 
interest in diet as a factor in physical and mental 

health. 

Activities of WHO and FAO in providing acceptable, 
readily available sources of protein and other dietary 
essentials are reviewed briefly. The importance of 
understanding cultural patterns if one is to attempt to 
change food habits is emphasized. Thus the World 
Health Organization has taken pioneering steps by 
sending cultural anthropologists into areas to aid in 
understanding of the role of food in particular societies, 
and attitudes toward food and toward change in food 
habits. The author points out that the problem of nu- 
tritional deficiency diseases is of much broader sig- 
nificance and greater complexity than was widely ap- 
preciated a few years ago and further observes “‘it 
seems unlikely that simplification will occur.” 

J. M. SmitH 


W. J. 


New Findings in Nutrition Research. C.G. King. J. 
Am. Dietet. A. 33:93, 1957. 

The author considers the most serious form of mal- 
nutrition in this part of the world is associated with 
eating too many total calories. Classic deficiency 
diseases have almost vanished from this part of the 
world though less severe deficiencies and imbalance 
continue to plague us. In less favored countries severe 
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protein deficiencies, represented by pellagra, kwashior- 
kor, and stunting of growth represent serious detriments 
to health. More studies on protein needs of infants are 
needed as it hardly can be accepted that an infant re- 
quires more protein than that supplied by human milk. 
The findings of Elvehjem and associates are com- 
mended for the insight afforded us. The author feels 
specific imbalances may be important causative factors 
in pellagra and kwashiorkor. 

Current developments in understanding of the role of 
cholesterol in atherosclerosis and obesity are reviewed. 
Among fields awaiting further investigation are (a) 
the range of tolerable balances between saturated and 
trans types of fatty acids to linoleic and arachidonic 
acids which can be consumed isocalorically without 
consequent elevated serum cholesterol values; (b) the 
possible effect of intermediates as squalene; (c) the 
basic question of whether short-term or long-term shifts 
in concentration of cholesterol furnish a reliable index of 
origin and cause of atherosclerosis. It now appears 
reasonably clear that unsaturated fatty acids have a 
lower tendency to form cholesterol than solid fatty 
acids. The case for oleic acid is unsolved as yet. The 
author decries attributing special qualities for control 
or appetite suppression to special foods as fat, sugar, or 
protein. 

Studies on weight control have shown that emotion- 
ally well-balanced persons can cooperate and establish 
satisfactory weight reduction. A second phase of the 
new findings points out the early age range at which 
obesity becomes a pattern of living. There has been 
evidence that increased physical exercise does not 
necessarily direct one to a continued excessive use of 
calories. 

Special problems with children continue to be treat- 
ment of diabetics and handling of celiacs and persons 
with cystic fibrosis or galactosemia. Galactosemia is 
believed to be a metabolic failure whereas the fibrosis 
is genetic. Celiac disease symptoms seem to result 
primarily from abnormal metabolism of glutamine. 

Fluoridation of water when well handled has resulted 
in a 50 to 70 per cent decrease in incidence of tooth de- 
cay for children whose teeth are in the formative stage. 
There is additional evidence each year that other 
mineral elements can give protection beyond that 
supplied by fluorides and other minerals. Phillips and 
co-workers report an organic concentrate which exerts a 
protective effect against dental caries in experimental 
animals. J. M. Situ 


Studies Concerning the Specificity of the Skeletal 
Effects of Enriched Diets in Aging Mice. M. Silber- 
berg and R. Silberberg. Lab. Invest. 6: 372, 1957. 

In weanling male mice of strain C57BL a diet en- 
riched with 25 per cent lard fed ad libitum through life 
accelerated skeletal growth and development. If fed 
isocaloric quantities of rations enriched with lard, 
cornstarch or lactalbumin, respectively, this effect was 
found to be due to the high calorie content of the diet as 
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well as to the lard specifically. The present investiga- 
tion was undertaken in order to determine whether or 
not after consumption of high-fat diets similar princi- 
ples apply to the promotion of skeletal aging and the 
development of degenerative joint disease. Weanling 
male mice of strain C57BL were housed individually 
and fed throughout life isocaloric amounts of a high-fat 
(24.5 per cent), high-carbohydrate (65.1 per cent), or 
high-protein (55.7 per cent) diet, respectively. The 
rations were adequate in vitamin and mineral require- 
ments. The epiphyseal growth zones and the knee 
joints were studied microscopically and the findings 
correlated to the weights and caloric intake of the 
animals. Epiphyseal aging and the evolution of osteo- 
arthritis were promoted by feeding the high-fat diet as 
compared with the animals fed the high-protein diet. 
The mice fed the high-carbohydrate diet took an inter- 
mediate place between the other two rations. Single 
housing of the animals decreased food consumption and 
by producing a relative state of undernourishment de- 
layed, as compared to controls, epiphyseal aging and 
the evolution of osteoarthritis. M. SILBERBERG 


Lesions in ‘‘Yellow’’ Mice Fed Stock, High-Fat, or 
High-Carbohydrate Diets. R. Silberberg and M. Sil- 
berberg. Yale J. Biol. & Med. 29: 525, 1957. 

“Yellow” mice such as those of strain YBR/Wi are 
represented by two genotypes which differ in regard to 
one gene. Individuals possessing the Y’ gene are yel- 
low-coated and become obese when fed enriched 
diets; individuals not possessing this gene are gray- 
coated and do not become obese when fed such diets. 
Male and female mice of strain YBR/Wi, yellow-coated 
as well as gray-coated, Were fed ad libitum stock, high- 
fat or high-carbohydrate diets, respectively, and the 
visceral lesions in these animals were recorded. In 
obese as well as nonobese mice squamous metaplasia of 
the respiratory and urinary bladder epithelia, of the 
epithelia of the pancreatic ducts and of the endometrial 
glands were observed. In association with the coexist- 
ing keratomalacia and faulty skeletal molding noted in 
these mice, the epithelial metaplasia is probably due to 
disturbances in the metabolism of vitamin A possibly 
with involvement of the thyroid gland. Pyelonephritis 
and amyloidosis were common findings. Amyloidosis 
was attenuated by consumption of the high-fat diet. 
Aortitis and myocarditis were frequent and obviously 
due to the lowered resistance of these animals to infec- 
tion. Hyperplasia and hypertrophy of the islets of 
Langerhans were particularly frequent after consump- 
tion of the high-carbohydrate diet. M. SILBERBERG 


Metabolism of the Essential Fatty Acids. II. The 
Metabolism of Stearate, Oleate, and Linoleate by Fat- 
Deficient and Normal Mice. J. F. Mead, W. H. Sla- 
ton, Jr., and A. B. Decker. J. Biol. Chem. 218: 401, 
1956. 

Doses of C'*-labeled methyl esters diluted with corn 
oil were administered orally to fat-deficient (male mice 
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which had been on a fat-free diet three months from 
weaning) and normal mice, and oxidation rates were de- 
termined by measuring respiratory CO, at varying in- 
tervals. The total lipids from pooled carcasses were 
analyzed for activities in the saturated and unsaturated 
fatty-acid fractions. 

Stearate and linoleate were oxidized to a significantly 
greater extent by fat-deficient than by normal mice, 
while for oleate the reverse was true. Essential fatty- 
acid deficiency does not appear to decrease the ability 
of the animal to catabolyze fat. The discrepancy in the 
case of oleic acid cannot be explained. The incorpora- 
tion of C' into cholesterol (as compared to that of total 
fat) appeared to bear an inverse relationship to that of 
total respiratory 

The condition of fat deficiency does not seem to 
hinder either hydrogenation of unsaturated or the de- 
hydrogenation of saturated acids as shown by activity 
in unsaturated acids from stearate fed animals and of 
the saturated acids from those fed oleate and linoleate. 
The metabolic pathway of linoleic acid was studied but 
will be reported elsewhere. M. K. Horwitt 


A Study on the Narcotic Action of the Short Chain 
Fatty Acids. F. E. Samson, Jr., N. Dahl, and D. R. 
Dahl. J. Clin. Investigation 35: 1291, 1956. 

Short chain fatty acids are known to have an inhibi- 
tory action on many metabolic reactions in vitro. 
Their effects in intact animals, however, have been 
studied to a very limited extent. In this report, short 
chain fatty acids (acetate, propionate, butyrate, valer- 
ate, caproate, heptanoate, octanoate, polargonate, and 
caprate) were administered intraperitoneally or intra- 
venously as the sodium salt into rats, frogs, chicks, 
mice, dogs, and guinea pigs. Unconsciousness was 
produced promptly in the experimental animals. The 
amount of fatty acid which produces this response de- 
creases with the increase in chain length. The introduc- 
tion of a hydroxy group into the carbon chain reduces 
the narcotic action. Hemolysis was not produced. 
The narcotic action here would seem to be a direct 
effect of the fatty acid anion on central nervous tissue. 
It is likely that the fatty acid salts inhibit metabolic 
activity of cerebral tissue as they do in muscle and 
yeast. S. O. WAIFE 


GASTRIC FUNCTION AND NUTRITION 


The problem of pathogenesis of peptic ulcer has not 
been solved although it is apparent that the secretion of 
acid and pepsin is essential for the development of this 
disease. Psychodynamic forces may precipitite ulcer 
formation or may aggravate an extant lesion; however, 
it must not be assumed that psychologic factors represent 
the basic etiology of this disease at our present state of 
knowledge. 


Comparison of Gastric Emptying and Secretion in 
Men and Women with Reference to Prevalence of 
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Duodenal Ulcer in each Sex. M. Booth, J. N. Hunt, 
J. M. Miles, and F. A. Murray. Lancet 1: 657, 1957. 
Since duodenal ulcer is more common in males than 
females one might expect differences between the sexes 
in gastric emptying time and secretion. This was put 
to the test in 20 young male students and 19 young 
female students by means of saline and water test meals. 
There was no sex difference in the gastric emptying 
time but the mean secretion of acid, chloride, and 
pepsin was about one and one-half times greater in 
men than in women. It is tentatively concluded that 
the sex difference in the incidence of duodenal ulcer 
does not depend on differences in gastric emptying, 
although it might be related to differences in secretion. 
F. E. HytTEn 


Influence of Hydrochloric Acid on Gastric Secre- 
tion and Emptying in Patients with Duodenal Ulcer. 
J.N. Hunt. Brit. M. J. 1:681, 1957. 

One theory of the gastric hyperfunction occurring 
in patients suffering from duodenal ulcer is that there 
is a failure of the duodenal mechanisms which inhibit 
gastric secretion and emptying. In the experiments 
reported here test meals of 750 ml of water containing 
75 g of glucose with or without 20 meq HCl/liter of 
meal were given to 27 volunteers in good health and 
16 patients suffering from duodenal ulcer. 

There was no evidence of an abnormally rapid gas- 
tric emptying time in the subjects with duodenal 
ulcers, whereas in the others, the less the secretion of 
acid in response to the test meal the more effective was 
the added acid in showing the emptying. 

The 16 patients with ulcers had about twice the 
mean normal outputs of acid, chloride, and pepsin 
in response to the control meal; the added acid re- 
duced the output of acid in ten of these patients and 
augmented it in the other six. In the healthy subjects 
the mean acid output was reduced by the added acid. 
The findings are discussed and it is concluded that the 
evidence does not support the theory of a failure of the 
duodenal inhibitory mechanism. F. E. HyTTEN 


Inhibition of Gastric Emptying and Secretion in 
Patients with Duodenal Ulcer. J. N. Hunt. Lancet 
1: 132, 1957. 


It is well known that patients with duodenal ulcer 
have a gastric hypersecretion of acid and pepsin, and 
it is traditionally accepted that the gastric emptying 
is unduly rapid. These features have been tested by 
means of saline and glucose test meals in 27 healthy 
persons and 16 male patients with duodenal ulcer. 
The author has shown previously that a saline meal has 
minimal effect on the duodenal osmoreceptors which 
actively inhibits gastric emptying, while a solution of 
10 per cent glucose has a powerful effect. 

There was no convincing evidence of unduly rapid 
emptying of either of these meals in the patients with 
duodenal ulcer, but the secretory response to the meals, 
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measured as amounts of acid, chloride, and pepsin, 
was about twice normal in the persons with ulcer. 
F, E. HytrEn 


The basis for treatment of peptic ulcer rests with the 
provision of a diet which is neither chemically, thermally, 
or mechanically irritating. Recent controversy concern- 
ing the validity of this concept is expressed in the following. 


Value of Diet in Treatment of Feptic Ulcer. E. C. 
Texter, Jr. Am. J. Digest. Dis. (n.s.) 2: 130, 1957. 

Despite the almost universal use of a standard 
bland diet in peptic ulcer, evidence for its efficacy as 
an aid in the healing of active ulcers or in preventing 
their recurrence is as yet incomplete. 

Two studies have recently been carried out, one by 
Lawrence and another by Doll and associates, in which 
the therapeutic response of patients with peptic ulcer 
to a bland diet was compared with a similar group on a 
near normal diet. No significant differences were 
observed in the two groups. This is supported by 
experimental evidence in animals indicating that the 
type of food administered affects only slightly the level 
of acidity of the gastric content, and that experimental 
ulcers heal equally as well on a rough as on a bland diet. 
However, the essayist cautions that the general ex- 
perience with peptic ulcer patients, although not well 
controlled, indicates that ulcer pain is minimized by 
bland feedings and should not be ignored. He ad- 
vises its continued use until additional information 
is available. 

One supporting bit of evidence was that obtained in 
excisional ulcers containing a silk suture at the base, 
which tended to become chronic if the animals were 
fed a rough diet. These ulcers healed more promptly 
when a bland diet was instituted. J. B. HamMonD 


The Effect of Spice Ingestion Upon the Stomach. 
M. A. Schneider, V. DeLuca, Jr., and S. J. Gray. 
Am. J. Gastroenterol. 26: 722, 1956. 

The authors have reviewed and have added studies 
of their own on the effect of spices on gastric secretion 
and on patients with gastrointestinal disorders. 

Fifty patients with active duodenal or gastric ulcer 
with demonstrable craters by x-ray were maintained 
on a routine ulcer regime including a progressive 
“ulcer diet’? with interval feedings, antispasmodics, 
and antacids. In addition, each patient was given 
one capsule three times daily with meals containing a 
spice in an amount equivalent to the concentrations 
used in highly spiced recipes. Five patients in this 
group developed symptoms during the administration 
of spices: two with black pepper, one with chili pepper, 
one with nutmeg, and one with mustard seed. Severe 
burning epigastric pain, belching, and nausea were 
associated with the administration of black pepper in 
two patients requiring discontinuation of this medica- 
tion. With the exception of the black pepper, the 
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other spices did not alter the healing time of the pep- 
tic ulcer as determined clinically or by repeated x- 
rays of the stomach 

None of the patients who received cinnamon, all- 
spice, mace, thyme, cloves, carraway seed, paprika, 
or sage developed symptoms. 

Patients with inactive duodenal ulcer who were not 
on an ulcer regime were given cloves, mustard seed, 
black pepper, and chili pepper without apparent effect 
except in two patients. One developed belching after 
taking cloves, the other developed: symptoms after 
administration of black pepper. 

No significant changes were noted in the gastric 
mucosa of 15 patients following the ingestion of cin- 
namon, nutmeg, allspice, thyme, chili pepper, cloves, 
and paprika. Thyme and mustard seed produced a 
mild erythema but no symptoms. Chili pepper pro- 
duced a severe hyperemia without symptoms. The 
uropepsin excretion remained essentially unchanged 
after 21 to 55 days during the administration of cinna- 
mon, nutmeg, allspice, and cloves: One patient who 
had pre-existing hypertrophic gastritis of the antrum 
developed a marked aggravation of the inflammatory 
changes as observed gastroscopically following the 
administration of black pepper. 

The authors concluded that, although the spices 
did not stimulate gastric acid secretion, black pepper, 
chili pepper, cloves, mustard seed, and probably nut- 
meg should be considered gastric irritants and it is 
implied that these should be omitted from the diet of 
patients with ulcerative or inflammatory changes of 
the gastric mucosa. J. B. Hammond 


A Long-acting Inhibitor of Gastric Secretion. A. H. 
Douthwaite, J. N. Hunt, and I. MacDonald. Brit. 
M. J. 2:275, 1957. 

This is a preliminary report on (1-methyl-2-pyrroli- 
dyl) methyl benzilate methyl methosulphate (IS 499), 
a substance with atropine-like properties. A total of 
98 test meals were conducted for seven normal subjects 
to test the effect of the drug on gastric secretion and a 
number of tests were also made on patients with gastric 
or duodenal ulcers. 

In 8 of the 12 subjects the acid secretion was reduced 
by 40 to 60 per cent three hours after a 5 mg dose of 
IS 499 and in 6 of 12 subjects a similar reduction was 
found nine hours after an 8 to 10 mg dose. There were 
no troublesome side effects after doses of this size 
although gastric emptying was somewhat slowed. 

F. E. HyTTEN 


The postoperative effects of subtotal gastrectomy and 
gastroenterostomy may have serious nutritional con- 
sequences in about ten per cent of patients. Loss of weight 
due to impaired absorption and ‘“‘dumping’’ account for 
most of the difficulties encountered in this group. 


A Study of Motility in the Gastric Remnant Following 
Subtotal Gastrectomy. G. L. Jordan, Jr., H. L. Bar- 
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ton, and W. A. Williamson. 
104, 257, 1957. 


Subtotal gastrectomy is a common operation for 
complications of peptic ulcers or gastric cancer. Vary- 
ing amounts of the stomach are removed, depending, 
in the case of the benign lesions, principally, on whether 
or not an associated vagotomy is done. Among the 
early postoperative problems encountered in patients 
undergoing subtotal gastrectomy is gastric retention, 
particularly about eight to ten days after operation. 
The study reported by Jordan and his associates was 
undertaken to assess the possibility that alterations 
in the motility of the gastric remnant are involved in 
the syndrome of postoperative retention. 

Forty-six patients were studied between the ninth 
and fifteenth postoperative days; 44 were asympto- 
matic at this time, while two had gastric retention due 
to roentgenographically demonstrable obstruction in 
the efferent loop just beyond the gastrojejunal stoma. 
In most patients (42), 70 to 80 per cent of the stomach 
had been removed; in no patient was a vagotomy per- 
formed, though one patient had had a previous va- 
gotomy and gastroenterotomy. Half of the patients 
had a Billroth II type procedure, half a Billroth I; 
most had been operated on because of duodenal ulcers. 

Motility of the gastric remnant was estimated by 
roentgenographic studies and by measurements of 
intraluminal pressures before and after ingestion of a 
test meal. When barium was ingested, it flowed rap- 
idly through the stoma. Serial films revealed pro- 
gressive emptying of the gastric remnant, with a 
gradual decrease in its apparent size, but in most 
cases there was no change in contour. In only two 
patients were definite evidences of weak contractions 
visualized; in four others, questionable peristalsis 
was noted; in no patients were strong contractions 
observed. Similarly, the recordings of intragastric 
pressure were characterized by a minimum of activity. 

These observations indicate that motility in the 
gastric remnant two weeks after operation is minimal; 
this behavior is similar to that which occurs in this 
portion of the intact stomach. Since emptying oc- 
curred rapidly from the gastric remnants, lack of 
gastric peristalsis is not a primary factor in the de- 
velopment of gastric retention in the early postopera- 
tive period. The authors feel that the normal tone of 
the gastric wall, jejunal peristalsis, changes in intra- 
abdominal pressure, diaphragmatic motion, gravity, 
and a patent stoma and unobstructed small bowel are 
the important factors in emptying of the gastric rem- 
nant. S. M. LEVENSON 


Surg. Gynec. and Obst. 


Comparison of Side-effecis After Partial Gastrec- 
tomy and Vagotomy and Gastro-enterostomy. H. T. 
Cox and D. F. Kerr. Brit. M. J. 1: 1211, 1957. 

A comparison is made of the side-effects in 100 pa- 
tients who had had a partial gastrectomy for duodenal 
or anastamotic ulcer and in 100 cases of duodenal 
ulcer treated by vagotomy and posterior gastroenteros- 
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tomy. “Each type of operation was carried out in 
comparable and unselected cases.” 

The results are reported at length; the broad con- 
clusions are as follows: there is no material difference 
in the incidence or severity of biliary regurgitation 
after the two operative procedures. Attacks of dizzi- 
ness, weakness, palpitation, and sweating “dumping”’ 
were generally uncommon but the incidence was less 
after vagotomy and gastroenterostomy. The out- 
standing advantage of vagotomy and gastroenteros- 
tomy over partial gastrectomy is in the nutrition of 
the subject; more of them were able to take a normal 
sized meal (77 compared to 55), more took a sweet 
course with their meal and considerably fewer suffered 
from selective impairment of digestion of certain food- 
stuffs. F. E. HytTtEn 


The adrenal steroids have been demonstrated to influ- 
ence the rate of gastric secretion of acid and pepsin. This 
finding may be important in the pathogenesis of ulcer 
formation, particularly under conditions of stress in which 
stimulation of steroid secretion occurs. Further studies 
on the propulsive effects of these hormones are in order. 


Effects of Adrenocortical Steroids on the Propulsive 
Motility of Small Intestine. D. Streeten, B. Hirscho- 
witz, K. Henley, and H. Pollard. Am. J. Physiol. 
189: 108, 1957. 


Adrenal cortex extract in low concentrations (1:1400- 
1:250) increases the peristaltic contractions of the 
small intestine and restores to fatigued intestinal seg- 
ments normal peristaltic activity and the ability to 
propel fluid against a pressure gradient, in vitro (modi- 
fied Trendelenburg technic). Adrenal cortex extract 
in high concentrations (1:150-1:25) reversibly inhibits 
or abolishes peristalsis im vitro. In adrenalectomized 
rats in vivo, adrenal cortex extract increases the rate of 
propulsion of dyes along the small intestine in moderate 
doses (1 ml b.i.d.), and decreases propulsion in large 
doses (5 ml b.i.d.). Cortisone, hydrocortisone, and 
corticosterone in the amounts present in stimulant 
doses of adrenal cortex extract had no effect on in- 
testinal propulsion, im vivo. Doses of aldosterone 
(0.1 and 0.5 yg b.i.d.) comparable with the amounts 
contained in the extract used and large doses of the 
electrolyte-controlling steroids, desoxycorticosterone 
(2.5 and 5 mg) and corticosterone (2.5 mg), reproduced 
the stimulant effects of the extract, im vivo. It is 
possible that the effects of aldosterone may be of sig- 
nificance in controlling intestinal motility under physio- 
logic and some pathologic conditions. AUTHORS 


The incidence of gastritis as detected by biopsy in 
patients with dyspepsia is surprisingly high and may 
force revision of the current status of this entity. Gastric 
biopsy by the methods employing suction of mucosa into a 
tube for excision may induce bleeding and must be per- 
formed with care. 
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Investigation of Non-Ulcer Dyspepsia by Gastric 
Biopsy. A. Wynn-Williams, F. Edwards, T. H. C. 
Lewis, and N. F. Coghill. Brit. M. J. 1: 372, 1957. 

Something like one-quarter of the outpatients at 
medical clinics complain of dyspepsia the first time they 
attend. Of 775 such cases, 468 were found to have no 
ascertainable basis for the dyspepsia and 200 of these 
were investigated by gastric biopsy. 

The classification of gastric mucosal lesions is dis- 
cussed and the results presented in detail. In 45 per 
cent of the cases examined the mucosa appeared to 
be normal. There were mild changes, mostly of chronic 
gastritis, in 36 per cent and more severe changes 
(superficial gastritis) in 4.5 per cent. In the remain- 
ing 14.5 per cent chronic atrophic gastritis was diag- 
nosed. There was no obvious sex difference in the 
incidence of gastritis but the atrophic type became 
more common with increasing age. F. E. HytrEn 


Jejunal Biopsy After Partial Gastrectomy. I. 
McLean Baird and O. C. Dodge. Quart. J.. Med. 
n.s. 26; 393, 1957. 

Biopsy of the small intestine is now possible with 
various technics and attempts are being made to relate 
histologic changes to clinical findings, particularly in 
malnutrition and intestinal malabsorption. The his- 
tologic appearance of “normal” jejunal mucosa, taken 
from patients during partial gastrectomy for peptic 
ulcer, is described in this article and the appearances 
are compared with those found subsequent to this 
operation. The postoperative specimens were ob- 
tained using Wood’s gastric biopsy tube and the 
method is explained. 

No histologic changes were seen in the majority of 
specimens, but hyperemia and edema of villi, villous 
atrophy or mild inflammatory changes in the stroma 
were found in the remainder. Despite the relation- 
ship between malnutrition and mucosal changes in 
the gastrointestinal tract, there was no close associa- 
tion between histologic appearances and the incidence 
of steatorrhea (five patients) or iron deficiency anemia 
(17 patients), nor were changes related to the 
time between operation and biopsy. 

W. H. J. SUMMERSKILL 


Production of Gastric Ulcers in Dogs on Proiein 
Depletion Regime. P. F. Hahn, P. Baugh, and D. L. 
Foster. Proc. Soc. Exper. Biol. & Med. 95: 238, 1957. 

Dogs were made anemic by bleeding of about one- 
fourth of the volume of circulating blood on three con- 
secutive days and on the fifth day. Anemia was 
maintained by bleeding at such intervals as to main- 
tain one-half of the normal hematocrit. Iron was 
replaced by intravenous injections of saccharized iron 
oxide but the animals were fed a diet low in protein 
(7.4 per cent). Many of the dogs thus treated de- 
veloped acute peptic ulcers with death resulting from 
perforation of the stomach. Weight loss under the 
conditions of these experiments was invariably con- 
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siderable. The authors do not speculate on the rela- 
tionship of lowered and altered distribution of circulat- 
ing proteins or depletion of body protein stores in the 
induction of these gastric ulcers. M. SILBERBERG 


Azotemia noted after acute gastrointestinal hemorrhage 
is generally attributed to the absorption of the nitrogen 
load from small intestine during the period of reduced 
renal function secondary to circulatory insufficiency. 


Induced Azotemia in Humans Following Massive 
Protein and Blood Ingestion and the Mechanism of 
Azotemia in Gastrointestinal Hemorrhage. T. D. 
Cohn, M. Lane, H. Zucherman, N. Messinger, and A. 
Griffith. Am. J. M. Sc. 231: 394, 1956. 


Concentrated protein meals and blood meals were 
fed by nasogastric tube to normal human subjects in 
order to observe the effect upon blood urea nitrogen 
and 24-hour total urinary nitrogen excretion. The 
blood feeding produced a small rise in blood urea nitro- 
gen while the protein feedings (beefsteak or protein 
concentrate) produced a large rise in blood urea nitro- 
gen. The azotemia appears to be dependent upon 
the degree of absorption of ingested protein. Appar- 
ently the protein of whole blood is not absorbed as 
readily as the other protein sources studied. The uri- 
nary nitrogen excretion is directly proportioned to the 
degree of absorption of ingested protein. The im- 
portant factors related to azotemia in gastrointestinal 
hemorrhage may well be (1) the size of the hemorrhage; 
(2) reduced blood volume and diminished renal excre- 
tory function, (3) pre-existing renal disease; and (4) 
protein feeding which may serve as a source for an 
early rise in blood urea nitrogen. C. R. SHUMAN 


The Lack of Effect of Ingested Ferrous Sulfate on 
the Guaiac Test for Occult Blood in the Stool. J. C. 
Harvey. Am. J. M. Sc. 232:17, 1956. 

The problem of whether or not ingested iron pro- 
duces a false positive test for occult blood was studied 
by performing the Guaiac test upon stools of 116 in- 
dividuals receiving ferrous sulfate 0.9 g. daily for three 
days. In addition, some of the subjects were fed meat 
in order to observe its effect upon the Guaiac test of 
stools. It was found that the iron salts produced 
black and tarry stools but failed to produce a positive 
reaction with the gum Guaiac test for occult blood. 
The amount of blood contained in the stools of those 
consuming meat did not produce a positive Guaiac 
test. C. R. SHUMAN 


Metabolic Alterations in Surgical Patients. VIII. 
Studies Involving Iron and Magnesium Metabolism 
in Patients with Gastrointestinal drainage. S. Levey, 
W. E. Abbott, H. Krieger, and J. H. Davis. J. 
Lab. & Clin. Med. 47: 487, 1956. 

The authors present balance studies on magnesium 
and iron carried out on four surgical patients. The 
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patients were in positive iron balance during most of 
the study. No change in iron balance occurred which 
could be attributed to operative stress. The amount 
of iron lost was not dependent on the volume of gas- 
trointestinal drainage, although this route accounted 
for the largest losses in most of the patients. 

The amount of magnesium lost did seem to correlate 
with the volume of gastric juice. There was some sug- 
gestion that the excretion of magnesium was reduced 
by operative stress. It was possible to maintain a 
positive magnesium balance by giving 100 mg or more 
per day. These should be regarded as preliminary 
observations. The duration of the study is too short 
to draw any definite conclusions. K. R. CRISPELL 


Gastrointestinal Regulation of Water and Iis Effect 
on Food Intake and Rate of Digestion. S. Lepkovsky, 
R. Lyman, D. Fleming, M. Nagumo, and M. M. 
Dithick. Am. J. Physiol. 188: 327, 1957. 

An investigation was undertaken to determine the 
effects of water deprivation during meals in rats. Food 
intake, gastrointestinal solids water content, rate of 
digestion, and tissue water content were studied. 
Rats fed without water ate less food than rats fed with 
water. The gastric contents of all animals fed with 
or without water was approximately 49 per cent water 
and indicates close regulation of water in the gastric 
contents. When fed without water, rats regulate their 
food intake so that it matches the amount of water 
that they can mobilize from their own tissues thereby 
maintaining the proper water: food ratio in the gastric 
contents. How this is reflected in the mechanisms 
that control food intake is unknown. The water 
found in the gastrointestinal contents of rats fed with- 
out water is furnished by selected tissues, especially 
the skin, probably the adipose tissues and perhaps 
other tissues. The contents of the intestinal lumen 
contains about 76 per cent of water in all of the rats 
irrespective of the availability of water with meals. 
The total solids in the intestinal lumen of the rats eating 
without water averaged 0.39 g and 0.52 g for the rats 
eating with water. The regulation of both water and 
solids in the intestinal lumen indicates that it acts 
as though it were a part of the internal environment. 
Withholding of water during meals does not appear to 
interfere with digestion but it definitely decreases 
appetite and effects a reduction of food intake. 


AUTHORS 


VITAMIN E 


New information concerning vitamin E in human 
metabolism is slowly evolving as a result of intensive in- 
vestigations stimulated by the many observations of its 
physiologic effects upon experimental animals. It is 
interesting to note that deficiency of vitamin E in monkeys 
produces a syndrome resembling muscular dystrophy. 
Increased reactivity of biologic materials from mammals 
depleted of vitamin E has been observed. An inverse 
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relationship exists between plasma tocopherol and eryth- 
rocyte hemolysis in hydrogen peroxide. 


Vitamin E Deficiency in the Monkey. I. Muscular 
Dystrophy, Hematological Change and the Excretion 
of Urinary Nitrogenous Constituents. J. S. Dinning 
and P.L. Day. J. Exp. Pathol. 105: 395, 1957. 

Young male and female rhesus monkeys received a 
purified diet devoid of vitamin E. After a period of 
from 167 to 391 days, slowness of movement developed; 
the animals were unable to right themselves, when 
placed on the side; there were losses of muscle tissue, in 
particular of the hind leg, and difficulty in breathing. 
Excretion of creatine, allantoin, and free amino acids 
was increased and of creatinine decreased. A macrocy- 
tic anemia, granulocytosis, and lymphopenia developed. 
Alternate feeding of 30 ug of alpha tocopherol acetate 
and injections of 20 ug of alpha tocopherol phosphate 
improved the physical conditions and the abnormal 
biochemical values within two to three days, and after 
two to three weeks complete recovery took place. The 
experimentally produced conditions in the primate were 
thus specifically due to the vitamin E deficiency. 

M. SILBERBERG 


Brain tissues of animals depleted of vitamin E show a 
marked increase in oxidation products as compared to 
vitamin E-supplemented controls. This observation may 
be related to the increase in nucleic acid synthesis noted in 
tocopherol-depleted animals. 


An Increased Incorporation of P** into Nucleic Acid 
by Vitamin E-Deficient Rabbits. J. S. Dinning, J. T. 
Sime and P.L. Day. J. Biol. Chem. 222: 215, 1956. 

Previous experiments with vitamin E-deficient 
rabbits revealed a close relationship between vitamin E 
deficiency and the incorporation of formate or glycine 
into nucleic acids. This seemed to indicate that one 
of the main functions of vitamin E is to control nucleic 
acid turnover. 

In the present experiment, vitamin E-deficient rab- 
bits incorporated much more P* into their tissue nucleic 
acids than did normal animals. This is regarded as 
additional support for the suggestion that the control 
of nucleic acid turnover is one of the main metabolic 
functions of vitamin E. M. K. Horwitt 


CALCIUM METABOLISM 


The absorption of calcium is reduced by phytic acid 
phosphorus derived from plant sources in the diet. Oxa- 
lates have a similar effect upon calcium absorption. The 
absorptive process is favored by a calcium phosphorus 
ratio of 1:1. The well-known observations may ac- 
count for the findings reported in the following study. 


Absorption of Calcium and Strontium from Milk and 
Non-Milk Diets. F. W. Lengemann, C. L. Comar, and 
J. Nutrition 61: 571. 1957. 


R. H. Wasserman. 
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As part of an extended investigation on calcium and 
strontium metabolism it was possible to obtain quanti- 
tative data on the effect of milk upon absorption of 
these two elements in cattle, rats, rabbits and human 
subjects. 

The availability of calcium from milk was contrasted 
with that from CaCl in rats, rabbits and human sub- 
jects, and with calcium supplied with grain in cattle, 
rats and rabbits. In cattle, the retention of single oral 
doses of Ca“ and Sr®® gave essentially the same results 
as the conventional determination of calcium balance. 
Calves on a milk diet absorbed and retained a very high 
percentage of the ealcium present. Similar animals on 
a hay diet and grain diet showed a much lower absorp- 
tion and retention. A calf on hay and grain for 30 days 
showed the typical high calcium utilization when re- 
turned to a milk diet. The calcium retention of an 11- 
year-old cow was improved by the addition of dried 
skim milk in the ration. 

Young and old rats absorbed about one and one-half 
times as much calcium® from milk as from a solution of 
CaCl, or from CaCl, + grain. Young and old rabbits 
showed no increased Ca* absorption from milk. Three 
out of four human subjects absorbed an average of 34 
per cent ingested Sr® from CaCl, as compared with 82 
per cent from milk. B. SurE 


Bone density studies have been successfully applied to 


those structures which are accessible without much sur- 
rounding soft tissue. This limitation has excluded 
the spine and pelvic areas from satisfactory roentgen 
evaluation of bone density until considerable loss of 
calcium has occurred. 


Influence of Mineral Intake on Bone Density in Hu- 
mans and in Rats. D. E. Williams, B. B. McDonald, 
E. Morrell, F. A. Schofield, and F. L. MacLeod. J. 
Nutrition 61: 489, 1957. 

For the past 20 years indices to mineral status have 
been obtained by methods which have evaluated bone 
development and density. Previous work has been 
concerned with perfecting technics and instrumentation 
and in measuring bone density of subjects on self-se- 
lected or institutional diets; data to substantiate the 
reliability of these methods are meager. 

Bone densities of young human adults showed varia- 
tions which appeared to indicate the calcium status of 
the individual. Characteristic bone densities in young 
adults were not readily altered by marked temporary 
changes in calcium intake whereas calcium balances 
reflected such differences. 

Mature rats showed no significant changes in bone 
density but a small and significant difference in calcium 
content with increasing intakes ranging from 0.1 to 0.5 
per cent of calcium. Young growing rats showed signif- 
icant increases both in bone density and body calcium 
with increased intake ranging from 0.1 to 0.5 per cent 
calcium. Specific activities decreased with increased 
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calcium intakes for mature rats and for growing rats on 
controlled food intakes. The decrease in activity was 
interpreted as an indication of increase in calcium re- 
serves. B. SuRE 


The urinary threshold for calcium has been estimated 
at 7.0 pug per 100 ml. Because of the protein binding 
of approximately 50 per cent of calcium in plasma the 
available calcium for renal excretion is below the thresh- 
old level under usual dietary conditions. With an 
elevated absorption of calcium the rate of urinary excre- 
tion is raised. 


The Renal Tubular Reabsorption and Urinary Ex- 
cretion of Calcium by the Dog. P.P. Poulos. J. Lab. 
& Clin. Med. 49: 253, 1957. ; 

The author first presents his method of determining 
the diffusible fraction of serum calcium. If this proves 
to be a reliable method which can be used in most lab- 
oratories it will be a major advance in methodology. 

The results of studies on the renal tubular reabsorp- 
tion and the urinary excretion of calcium by the dog are 
presented. The author points out: “‘in order to calcu- 
late the quantity of calcium which enters the glomerular 
filtrate per unit of time, one must measure not only the 
rate of formation of filtrate and the plasma concentra- 
tion but also the fraction of calcium which is freely dif- 
fusible, i.e., filterable.”’ 

The excretion and reabsorption of calcium were 
studied in the dog over a range of plasma concentration 
from 8 to 37 mg/100 ml. It was found that more than 
99 per cent of filtered calcium is reabsorbed by the renal 
tubules. 

The experiments were complicated by the fact that 
the infusions of calcium chloride or gluconate in 
amounts necessary to attain high plasma concentrations 
caused a sharp fall in glomerular filtration rate and led 
to oliguria. 

This is an important study as it may provide a technic 
to study the effect of various substances on the renal 
handling of calcium. K. R. CRISPELL 


Cortisone has been shown to enhance the absorption 
of calcium from the intestinal tract. The mechanism 
whereby the effect is achieved is not clear. The follow- 
ing report demonstrates this action despite the continued 
high fecal fat content during cortisone therapy for sprue. 


A Metabolic Study Following Oral Calcium“ Admin- 
istration in a Patient with Non-tropical Sprue. S. 
Fink and D. Laszlo. Gastroenterology 32: 689, 1957. 

The calcium metabolism of a patient with idiopathic 
steatorrhea was studied by the balance technic em- 
ploying radiocalcium. During the first half of the 60- 
day study, the patient received cortisone and was in 
remission. During this period utilization of ingested 
calcium gluconate was 79.5 per cent and calcium bal- 
ances were positive even though there was a high fecal 
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fat, nitrogen, water, electrolyte, and calcium excretion. 
Following cortisone withdrawal, the patient gradually 
developed an exacerbation of his disease. The utiliza- 
tion of ingested calcium gluconate decreased to 18 per 
cent and the calcium balance became markedly nega- 
tive. 

The data were interpreted as indicating that corti- 
sone improves the absorption of dietary calcium in 
sprue but does not affect the endogenous fecal calcium. 
Previous studies have demonstrated improvement fol- 
lowing the administration of cortisone in the absorption 
of carbohydrate, protein, fat, and calcium of patients 
with idiopathic steatorrhea. This study utilizes the 
method by which dietary and endogenous calcium ab- 
sorption could be studied separately and shows that the 
enhanced absorption of calcium due to cortisone oc- 
curred only in dietary calcium. J. B. HAMMOND 


The classic treatment for osteoporosis of any cause is 
testosterone and estrogen in appropriate schedules. 
Removal of or treatment of the underlying causative 
factors is possible in certain cases such as those asso- 
ciated with thyrotoxicosis, hyperadrenocorticism, dia- 
betes, etc. 


Steroid Therapy for Osteoporosis. E. C. Reifenstein, 
Jr. Geriatrics 12: 139, 1957. 

The author poses and answers a series of questions 
regarding steroid therapy for osteoporosis. This is a 
rather difficult way in which to present all the facts. 
He states that the administration of combined hor- 
mones has been facilitated by the development of long 
acting esters for intramuscular injection. No evidence 
is presented that intramuscular injection has any ad- 
vantage over oral administration of the hormones. The 
advisability of continuous versus intermittent adminis- 
tration of estrogens to a female with an intact uterus is 
not discussed. 

The author apparently feels that a combination of 
estrogens and androgens is the best treatment for osteo- 
porosis. His evidence is based on the fact that steroids 
cause a retention of calcium even though this disease is 
thought to be a disorder of bone matrix rather than one 
of calcium metabolism. Until serial bone biopsies are 
available the value of steroids in the treatment of osteo- 
porosis remains to be definitely proven. 

This form of presentation should not be encouraged 
unless all possible questions are posed and answered. 

K. R. CRISPELL 


Panel Discussion on Osteoporosis. Moderator: E. 
Short. Panelists: D. Laszo, N. W. Shock, and G. D. 
Whedon. J. Am. Geriatrics Soc. 5: 363, 1957. 

This is an excellent review by well-informed physi- 
cians on the problem of osteoporosis. Dr. Laszlo de- 
fines the problems associated with the diagnosis of this 
condition. He presents studies which he has used in an 


attempt to make an earlier diagnosis and to uncover the 
basic defect. 


His studies suggest that patients with os- 
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teoporosis absorb calcium from the intestinal tract 
less efficiently than normal persons. Dr. Whedon dis- 
cusses the effect of immobilization on calcium metab- 
olism and measures which may be used to combat the 
adverse effects. The site of involvement of osteoporo- 
sis associated with immobilization is different from that 
of the post-menopausal or senile type in that in the 
former the distal ends of the bones of the lower extrem- 
ities are involved first. Dr. Shock discusses the phys- 
iology of aging as related to the problem of senile osteo- 
porosis. He discusses specifically the problem of an 
inadequate diet in the aging population. Finally, Dr. 
Shorr discusses the management of osteoporosis using 
hormonal therapy and also the use of strontium. 

It is of interest that Dr. Albright has stated that os- 
teoporosis is a disorder of bone matrix rather than of cal- 
cium metabolism per se. This discussion is centered 
about calcium metabolism rather than bone metabolism 
pointing out how little is really known about this prev- 
alent and disabling disease. K. R. CRIsPELL 


Deficiency of vitamin D or of calcium in the diet re- 
sults in osteomalacia in adults and rickets in infants and 
children. The actions of vitamin D in correcting these 
conditions are still unknown. In addition to an effect 
upon calcium absorption, there are direct influences 
upon phosphate metabolism concerned with transfer of 
these tonic groups across cellular membranes. 


Bone Salts Metabolism in Human Rickets Studied 
with Radioactive Phosphorus. G. C. H. Bauer, A. 
Carlsson, and B. Lindquist. Metabolism 5: 573, 1956. 

Rickets is characterized by low serum levels of phos- 
phorus and/or calcium with a poorly calcified skeleton. 
These abnormalities have been attributed to defective 
mineral absorption from the gut. The balance studies 
on which this concept is based are of limited value be- 
cause they represent the result of two processes: (1) ac- 
cretion (formation) of bone salt and (2) resorption of 
bone salt. In order to examine the rate of bone salt 
formation, P%2O, was administered intramuscularly to 
rachitic and normal children following which blood and 
urine samples and bone biopsies were obtained. In 
children with deficiency rickets, the accretion rate of 
bone salt was lower than in normal children. The ad- 
ministration of vitamin D restored the accretion rate to 
normal. In vitamin D-resistant rickets the accretion 
rate was normal and after massive doses of vitamin D, 
the rate rose to values higher than those of normal chil- 
dren. The phosphorus of the newly formed bone salts 
was found to arise from two sources upon treatment 
with vitamin D: (1) the increased retention of dietary 
phosphorus and (2) mobilization of phosphorus from 
other parts of the skeleton. The authors conclude that 
vitamin D in doses sufficient to cure rickets may cause 
increased mobilization of bone salts. C. R. SHUMAN 


Osteomalacias of Supply, Elimination and of Osseous 
Origin. A. Lichtwitz, R. Parlier, and B. Hioxo. Sem. 
Hép. Paris 31: 846, 1955. 
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Osteomalacias of supply are characterized by (a) 
hypocalciuria, (b) a paradoxical influence of vitamin D 
which produces hypocalciuria instead of increasing the 
urinary calcium as in a normal subject, and (c) by the 
absence of hypercalciuria in the induced hypercalciuria 
test (intravenous injection of calcium). 

The authors distinguish three varieties of osteomala- 
cia: that due to qualitative alterations of the organic 
stroma of the bone; that due to a phospho-calcium de- 
ficiency; and the variety due to excess elimination. 

H. GouNELLE 

The occurrence of hypocalcemia in premature infants 
has not been adequately studied. Similar observations 
have been recorded in the newborn infants of diabetic 
mothers. 

Hypocalcemia Occurring on the First Day of Life in 
Mature and Premature Infants. J. F. Gittelman, J. B. 
Puncus, E. Schwerzler, and M. Saeto. Pediatrics 18: 
721, 1956. 

Concentrations of calcium, inorganic phosphorus and 
total proteins in serum or plasma were measured on the 
first day of life in 838 full-term infants delivered vagi- 
nally, 70 infants delivered by Cesarean section and 111 
premature infants. Hypocalcemia was defined as a 
concentration of calcium less than 8 mg/100 ml. Of 
the 824 full-term babies born to mothers with normal 
pregnancy and labor, the incidence of hypocalcemia 
was 1.2 per cent; of the 14 full-term but with abnormal 
pregnancy and/or labor, the incidence was 100 per cent. 


Among infants delivered by Cesarean section done at 
term, the incidence in the group performed because of 
cephalopelvic disproportion was 13.7 per cent, whereas 
the incidence among those with abnormal pregnancy 


was 36.8 per cent. The incidence of hypocalcemia 
among premature infants was about 50 per cent regard- 
less of the manner or condition of labor and delivery. 
Mature infants born to mothers who had abnormal 
pregnancies and/or labor also had a significantly higher 
mean concentration of phosphorus than those born to 
mothers who had normal pregnancies and labors. 
There were no significant differences in mean phos- 
phorus levels among the other births. 

Possible causes of the noted hypocalcemia are dis- 
cussed. The concentration of calcium in maternal 
serum does not correlate with that of infants’ serum and 
does not appear to be causally involved. The correla- 
tion between abnormal pregnancy and/or labor and 
hypocalcemia in term infants could be partially ex- 
plained by the phosphate-loading effect of increased de- 
struction of body protein which is said to occur under 
these circumstances. Also, the adrenocorticostergids 
exert a depressive influence on concentration of serum 
calcium. These steroids are known to be increased dur- 
ing pregnancy and are naturally produced in greatest 
quantity during the last trimester. It is possible that 
this factor may be important, particularly in hypocal- 
cemia consistently noted in premature infants. No 
correlation was observed between the concentrations of 
calcium and proteins in their plasma. However, a 
positive significant correlation was observed between 
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body weight and the mean content of calcium in the 
plasma. T. C. Panos 


Idiopathic Hypercalciuria. H. Klotz, A. Cohen, and 
M. Boury. Sem. Hép. Paris 31: 3,434, 1955. 


Hypercalciuria occurs when the rate of urinary ex- 
cretion exceeds 300 mg. The cases observed by the 
author, accompanied by normal calciuria, seem to be 
due to a disorder in the tubular reabsorption of calcium. 
Some believe this disorder is caused by an unrecognized 
staphylococcus urinary infection. Opinions differ on 
this point. However, this hypercalciuria responds to 
treatment with thyroxine and testosterone. Also, hy- 
percalciuria brings about renal lithiasis, cataract, and 
affects the osseous system and neuromuscular excita- 
bility. H. GOUNELLE 

Sialoadenectomy and the Metabolism of Calcium-45 
in Bone and Soft Tissues of the Mouse. A. W. Wase 
and Y.S.L. Feng. Nature 178: 1229, 1956. 


For a number of years surgical extirpation of the 
major salivary glands in young experimental rodents 
has been known to result in a reduced rate of growth and 
slightly subnormal adult body weights. In the present 
study, the ability of the sialoadenectomized adult male 
mouse to metabolize the radioactive isotopes, calcium 
and strontium®®, was determined. Two hours after 
administration of either isotope, the mice were killed 
and the tissues prepared and assayed for isotope con- 
tent. The calcium“ incorporation into the femur of si- 
aloadenectomized rats was 1,106 counts/min/mg of tis- 
sue in comparison to 675 counts/min/mg for intact con- 
trols. Calcium“ incorporation into the thyroid, ad- 
renal, skeletal muscle, heart muscle, spleen, kidney, 
testes, brain and liver of the sialoadenectomized mice 
was somewhat higher than the incorporation into these 
tissues in normal mice. Calcium incorporation into 
lung was practically the same for intact and operated 
mice while the incorporation into thymus was higher in 
intact than into operated mice. Strontium*® incorpora- 
tion into sialoadenectomized femurs was 175 per cent 
of control values. These findings were indicative of 
mineral depletion in the sialoadenectomized mice. 
Unfortunately the data were only expressed in terms of 
counts/min/mg with no reference to the total amount of 
calcium or strontium in the tissues, which is a much 
more informative measure of the pertaining metabolic 
state. 

A three-day calcium balance study was conducted 
with intact and sialoadenectomized mice. A higher 
fecal output and a lower urinary output was noted 
among the operated animals. The intact mice retained 
an average of 105.6 mg of calcium per kg of body weight 
per day in contrast to an average of 69.4 mg/day fo1 
sialoadenectomized mice. These values seem to be 
high for adult mice that would be expected to be approx- 
imately in balance. The reasons for the difference in 
calcium and strontium®® uptake betweeen intact and 
operated mice and for the difference in degree of posi- 
tive calcium balance are presently unknown but a source 
of real speculation as to the mechanism. J. H. SHAW 


